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Students in the United States tend to possess poor academic performance in 
mathematics compared to other developed countries. Despite the increased preschool 
enrollment and attendance, there are academic disparities among preschool students. 
Earlier exposure to mathematical concepts can positively affect student outcomes. 
Research supports the idea that early exposure and mastery of patterning skills and non-
symbolic quantity knowledge are trajectories of math academic achievement during 
elementary and middle-level grades (Rittle-Johnson, Fyfe, Hofer, & Farran, 2016). 
Students who begin with mathematics deficiencies, without proper intervention, tend to 
continue to lack understanding of foundational math skills that are essential for 
proficiency in the following grade or skill. Using manipulatives in conjunction with 
classroom instruction has been shown to increase scores in some math skills significantly.   
     Although many studies explored the effectiveness of physical and virtual 
manipulatives in mathematics, few investigate the relationship between the 
implementation of manipulative with preschool students and math learning acquisition. 
There is also a gap in the literature related to manipulatives’ effect on preschool students’ 
acquisition of patterning skills and non-symbolic quantity knowledge.  
     The purpose of this study is to compare virtual and physical manipulatives effect on 
academic achievement when learning non-symbolic quantity knowledge and patterning 
skills in preschool. Ninety-one preschool students participated in the study and were 
randomly assigned into two intervention groups, physical and manipulative groups, and a 
control group. The Repeated Pattern and Panamath assessments were administered before 
and after instruction to assess patterning skills and non-symbolic quantity knowledge. A 
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mixed ANOVA analysis found no significant difference between the physical and virtual 
manipulatives on patterning skills assessment scores. Additionally, there was no 
significant difference between the physical and virtual manipulatives and non-symbolic 
quantity knowledge scores in preschool students. Implications and recommendations for 








I want to thank my current and former committee members for their guidance and 
support throughout the dissertation process: Dr. David Lee, Dr. Kyna Shelley, Dr. 
Richard Mohn, Dr. Lilian Hill, and Dr. Myron Labat.  
 
Dr. David Lee, I appreciate you for agreeing to by my committee chair and providing 
guidance and advice through the dissertation process and my professional career.  
 
Dr. Kyna Shelley, I appreciate you for serving as a committee member. Thank you for 
your instruction as my professor for many courses and your willingness to navigate me 
through the process of finding a meaningful dissertation topic and methodology.  
 
Dr. Richard Mohn, I appreciate you for serving as a committee member. Thank you for 
your encouraging words, immediate feedback, and willingness to meet to answer any 
questions about my statistical analysis. 
 
Dr. Lilian Hill, I appreciate you for serving as my committee members and advisor 
throughout most of my academic career at the University of Southern Mississippi. Thank 










This dissertation is dedicated to the Lord because in Him I live, move, and have 
my being. Without the Lord, I would not have started or finished the study. This 
dedication is also extended to my husband, father, mother, sister, nephew, and other 
family members for your prayers, encouragement, and labor of love. I thank my church 
family, The Word Full Gospel Baptist Church, for your support and constant reminders 
that with God, all things are possible to him that believes. I appreciate my friends and 
colleagues for their accountability and assistance. My sincerest gratitude goes to all the 
directors and owners of the preschools, teachers, staff, parents, and preschool students 









TABLE OF CONTENTS 
ABSTRACT ........................................................................................................................ ii 
 
ACKNOWLEDGMENTS ................................................................................................. iv 
 
DEDICATION .................................................................................................................... v 
 
LIST OF TABLES .............................................................................................................. x 
 
LIST OF ILLUSTRATIONS ............................................................................................. xi 
 
CHAPTER I – INTRODUCTION ...................................................................................... 1 
 
Significance of Math Proficiency in Preschool .............................................................. 2 
 
Student Engagement in Mathematics.............................................................................. 2 
 
Manipulatives and Student Engagement ......................................................................... 4 
 
Statement of the Problem ................................................................................................ 5 
 
Assumptions .................................................................................................................... 6 
 
Delimitations ................................................................................................................... 6 
 
Definition of Terms......................................................................................................... 7 
 
Justification ..................................................................................................................... 7 
 
Summary ......................................................................................................................... 8 
 
CHAPTER II - LITERATURE REVIEW ........................................................................ 10 
 
Introduction ................................................................................................................... 10 
 
Theoretical Framework ................................................................................................. 10 
 




Types of Patterns....................................................................................................... 13 
 
Pattern Skill Stages ................................................................................................... 14 
 
Relationship Between Patterning Skills and Math Achievement ............................. 16 
 
Educator Practices and Pattern Skills ....................................................................... 18 
 
Non-Symbolic Quantity Knowledge............................................................................. 21 
 
Relationship Between Non-Symbolic Quantity Knowledge and Math Achievement
................................................................................................................................... 22 
Relationship Between Non-Symbolic and Symbolic Quantity Knowledge ............. 24 
 
Relationship Between Non-Symbolic Quantity Knowledge and Mapping .............. 25 
 
Educator Practices and Non-Symbolic Quantity Knowledge ................................... 26 
 
Student Engagement ..................................................................................................... 28 
 
Educator Practices & Student Engagement .............................................................. 30 
 
Math Manipulatives ...................................................................................................... 32 
 
Effectiveness of Manipulatives ................................................................................. 33 
 
Educator Practices & Manipulatives ......................................................................... 36 
 
CHAPTER III - METHODOLOGY ................................................................................. 39 
 
Introduction ................................................................................................................... 39 
 
Research Hypotheses .................................................................................................... 39 
 




Participants .................................................................................................................... 40 
 
Instrumentation ............................................................................................................. 41 
 
Procedures for Instrumentation ..................................................................................... 43 
 
Data Collection ............................................................................................................. 51 
 
Data Analysis ................................................................................................................ 52 
 
CHAPTER IV – RESEARCH RESULTS ........................................................................ 53 
 
Introduction ................................................................................................................... 53 
 
Descriptive Statistics ..................................................................................................... 53 
 
Repeated Pattern Assessment ................................................................................... 54 
 
Panamath Assessment ............................................................................................... 56 
 
Statistical Analysis ........................................................................................................ 57 
 
Hypothesis 1.............................................................................................................. 57 
 
Hypothesis 2.............................................................................................................. 60 
 
Hypothesis 3.............................................................................................................. 62 
 
Hypothesis 4.............................................................................................................. 65 
 
Summary ....................................................................................................................... 67 
 
CHAPTER V - DISCUSSION.......................................................................................... 68 
 
Introduction ................................................................................................................... 68 
 
Analysis of Research Questions.................................................................................... 68 
 
Limitations .................................................................................................................... 72 
 
ix 
Recommendations for Practice ..................................................................................... 73 
 
Recommendations for Future Research ........................................................................ 74 
 
Summary ....................................................................................................................... 75 
 
APPENDIX A – Instructional Description ....................................................................... 76 
 
APPENDIX B - Instructional Samples: Day Two ............................................................ 85 
 
APPENDIX C - Instructional Samples Day Three ........................................................... 88 
 
APPENDIX D - Instructional Samples: Day Four ............................................................ 92 
 
APPENDIX E - Instructional Samples: Day Five............................................................. 98 
 
APPENDIX F - Instructional Samples: Day Six ............................................................ 103 
 
APPENDIX G – IRB Approval Letter ............................................................................ 107 
 
APPENDIX H - Preschool Permission Letters ............................................................... 108 
 
APPENDIX I - Parental Consent Letters ........................................................................ 117 
 
APPENDIX J - Child Assent Letters .............................................................................. 120 
 
APPENDIX K – Pre- and Post-Assessment: Repeated Pattern ...................................... 122 
 
APPENDIX L - Repeated Pattern Assessment ............................................................... 124 
 
APPENDIX M – Pre- and Post-Assessment: Panamath ................................................. 129 
 




LIST OF TABLES 
Table 1 Participants’ Age, Location, Race, and Gender ................................................... 54 
 
Table 2 Participants’ Pre- and Post-Patterning Assessment Mean & Standard Deviation 55 
 
Table 3 Participants’ Pre- and Post-Patterning Assessment Mean & Standard Deviation, 
continued ........................................................................................................................... 56 




LIST OF ILLUSTRATIONS 
Figure 1. Participants’ Repeated Pattern Assessment Estimated Marginal Means .......... 59 
 
Figure 2. Participants’ Repeated Pattern Manipulative Groups Estimated Marginal Means
........................................................................................................................................... 59 
 
Figure 3. Participants’ Repeated Pattern Assessment & Manipulative Group Estimated 60 
 
Figure 4. Participants’ Panamath Assessment Estimated Marginal Means ...................... 64 
 
Figure 5. Participants’ Panamath Manipulative Groups Estimated Marginal Means ....... 64 
 
Figure 6. Participants’ Panamath Assessment Score and Manipulative Group Estimated 65 
 
1 
CHAPTER I – INTRODUCTION 
 
“Educational attainment affects an individual’s quality of life” (Stumm, 2017, p. 
57). Preschool enrollment and attendance are associated with reducing the 
“intergenerational transmission of poverty” (Crosnoe et al., 2016, p.599; Fitzpatrick et 
al., 2014, p. 25). Even though economically disadvantaged students have the same 
motivation to learn the academic content, because of the educational deprivation and 
scarcity of educational resources available in some economically disadvantaged 
households, they lack academic and social skills necessary to be successful in 
kindergarten (Ansari & Piana, 2018; Magnuson et al., 2004). 
Preschool enrollment is beneficial due to the enhanced learning environment and 
cognitive development opportunities (Tucker-Drob, 2012). Several studies have 
concluded that preschool enrollment has a more significant effect on minorities and 
economically disadvantaged students than their Caucasian and economically advantaged 
counterparts (Magnuson et al., 2004; Tucker-Drob, 2012). Despite the lower caliber of 
curriculum and instruction provided to students in preschools and early childhood centers 
that cater to low income families, it is still advantageous to attend a lower quality 
preschool than have no formal education before kindergarten (Tucker-Drob, 2012). There 
are even more benefits to enrolling students in a preschool program for two years 
(Arteaga et al., 2014).  
Several immediate outcomes are associated with preschool enrollment and 
attendance. Students who attend preschool demonstrate more sociably acceptable 
interactions with peers and educators and are more engaged in the learning environment 
(Ansari, 2018). High levels of attendance in a preschool program were associated with 
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reductions in grade retention and special education referrals and assignments (Magnuson 
& Waldfogel, 2016). A significant difference was documented in Mathematics and 
Reading scores in elementary school when students were enrolled in preschool (Tucker-
Drob, 2012).  
Significance of Math Proficiency in Preschool 
 
The acquisition of foundational math skills in preschool correlates with high 
academic achievement in mathematics throughout elementary school (Hofer, Farran, & 
Cummings, 2013). The academic effects lasted even after middle school (Campbell et al., 
2012). The research concludes that students who show high math proficiency levels in 
fifth grade are more likely to be referred and placed in Algebra by the eighth grade 
(Hofer et al., 2013). 
Developing non-symbolic quantity knowledge and pattern skills in preschool have 
a significant impact on math proficiency. These skills are early indicators of success on 
math state standardized assessments through upper elementary and middle school levels. 
Non-symbolic quantity knowledge is the precursor to understanding numeric values and 
representations. Attainment of patterning knowledge in preschool increases students’ 
ability to associate quantities with symbolic numerals and number words. Patterning 
knowledge also aids in detecting repetition in computation and problem solving (Rittle-
Johnson, 2016). 
Student Engagement in Mathematics 
 
Preschool students’ engagement in math is an indicator of students’ elementary 
engagement and academic performance (Halliday, Calkins, & Leerkes, 2018). The higher 
the level of student engagement in mathematics, the more likely students are to display 
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mastery of math assessments (Park, 2005). Students engaged in math content are less 
likely to disrupt the learning environment, have adverse interactions and disciplinary 
actions from teachers, and have lower grades from incomplete assignments (Park, 2005). 
There is a positive relationship between student engagement in mathematical content and 
retention of content knowledge (Newmann, 1992; Park, 2005). “Engagement can be 
defined as a multifaceted construct that involves students’ behaviors, attitudes, interests, 
values, motivational goals, and self-regulated learning” (Hofer et al., 2013, p.489). 
Student engagement occurs at the affective, cognitive, and behavioral levels (Halliday et 
al., 2018). 
Engagement requires meaningful work that surpasses classroom experiences that 
provide entertainment and allow passivity in activities. Because teachers are usually 
working with larger groups of students, other forces interfere with engagement and the 
learning process. Peer interactions, environmental distractions, cultural and parental 
values affect student engagement. Students that associate productive struggle and mastery 
of math courses with grade promotion, graduation, and future job attainment are more 
likely to be engaged in mathematics. Children who are socialized to place more value on 
kinesthetic ability may have less engagement in mathematics. Despite the factors that can 
exacerbate disengagement, engagement can be increased in the school environment with 
modified instructional practices (Newmann, 1992). 
Student engagement can contribute to a students’ need for competence, 
membership level based on experience, and work authenticity. Membership of students is 
established in a caring school environment that provides purposeful tasks relevant to the 
content area and the students’ lives. Classroom practices are also consistent and 
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equitable. Educators provide assignments and activities that are rigorous, purposeful, and 
developmentally appropriate while providing school-wide recognition for all students and 
not just the highest-scoring students. Opportunities for educational success and school-
wide recognition for students through grade inflation and rigor reduction can contribute 
to disengagement. When children receive the proper support when learning new and 
abstract content, they are more likely to possess higher engagement and retention of the 
content knowledge. The authenticity of work is established when the topic is related to 
their interest, connection to a real-world context, fun, and provides an opportunity for 
student action, input, and ownership (Newmann, 1992). 
Manipulatives and Student Engagement 
 
Student engagement and learning occurs when students are more active during the 
learning process (Kirschner, Kester, & Corbalan, 2011). Manipulatives can enhance the 
learning experience by increasing student engagement and creating concrete 
representations of abstract concepts (Mattoon et al., 2015). Many educators use physical 
manipulatives to aid with mathematical instruction (Petersen & McNeil, 2013). Studies 
support the effectiveness of physical manipulatives based on teacher's instructional 
practices, type of manipulative, and the student’s familiarity with the manipulative’s 
representation (Petersen & McNeil, 2013). When educators use manipulatives relevant to 
the mathematical concept, developmentally appropriate, and provide ample instructional 
time, and scaffolding, students show higher academic achievement on math assessments 
(Carbonneau, Marley, & Selig, 2013). Manipulatives that are a low-intensity color and 
unfamiliar to the student increase student engagement in math instruction and academic 
achievement on assessments (Petersen & McNeil, 2013). 
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Because technology affects communication and industry operations, schools are 
beginning to integrate more technology into the classroom at younger ages. Electronic 
hand-held devices, like tablets, have effectively improved engagement in content area 
subjects involving literature in preschool students (Kjällander & Moinian, 2014). Several 
studies conclude that virtual manipulatives' implementation improves preschool students’ 
counting, number recognition, identification of smaller quantities, and mathematical 
writing skills (Bullock et al., 2017). 
Statement of the Problem 
 
Preschool attendance and exposure to an appropriate preschool curriculum can 
increase student proficiency in mathematics (Hofer et al., 2013). Teachers’ knowledge, 
instructional practices, and decision-making skills are factors that have the most 
significant influence on student success (McCray & Chen, 2012). Despite the research 
dedicated to the significance of teachers’ pedagogical content knowledge in mathematics 
on preschool students’ academic achievement, little research is dedicated to specific 
instructional strategies that will enhance student engagement and academic achievement 
(McCray & Chen, 2012). 
A positive relationship exists between the mastery of non-symbolic quantity 
knowledge and patterning skills in preschool and academic achievement on state 
standardized assessments in upper elementary and middle school (Rittle-Johnson et al., 
2016). Virtual and physical manipulatives can have significant effects on increased 
academic achievement in computation skills in preschool. However, little research or 
literature is related to manipulatives' effectiveness in learning non-symbolic quantity 
knowledge and patterning skills of preschool students (Mattoon et al., 2015). 
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The purpose of this study is to compare virtual and physical manipulatives’ influence 
on academic achievement when learning non-symbolic quantity knowledge in preschool. 
Additionally, the study will investigate the preschool students’ academic achievement 
levels when using math manipulatives to learn patterning skills. This study will address 
the following research questions: 
1. Does the use of virtual manipulatives make a difference in preschool student 
academic achievement when learning patterning skills? 
2. Does the use of physical manipulatives make a difference in preschool student 
academic achievement when learning patterning skills? 
3. Do virtual manipulatives make a difference in preschool student academic 
achievement when learning non-symbolic quantity knowledge? 
4. Do physical manipulatives make a difference in preschool student academic 
achievement when learning non-symbolic quantity knowledge? 
Assumptions 
The researcher assumed that all participants provided honest responses to the 
evaluations without fear of disciplinary action or retaliation by teachers or researcher. It 
is assumed that the assessment instruments were administered to all the participants 
correctly. The assessment instruments would accurately measure the students’ academic 
performance. 
Delimitations 
The study was conducted with preschool students in the following counties in 
Mississippi: Hinds, Copiah, Rankin, Lee, and Madison. Although many counties have 
similar demographics, it is not representative of all preschools or preschool students in 
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Mississippi or the southern region. The study was also limited by parents who agreed to 
allow their child to participate in the experiment. 
Definition of Terms 
 
Non-symbolic Quantity Knowledge: The recognition of physical quantities without 
representing Arabic numerals or corresponding number words. (Hurst., Anderson, & 
Cordes, 2017) 
Patterning Skills: The identification of consistencies within visual, auditory, and motor 
occurrences. (Charlesworth, 2000) 
Virtual Manipulatives: An “interactive, web-based visual representation of a dynamic 
object that presents opportunities for constructing mathematical knowledge” (Moyer-
Packenham, 2012, p. 40). 
Physical Manipulatives: Concrete and tangible representations of a mathematical 
construct. (Moyer-Packenham, 2012) 
Engagement: A multifaceted construct that emphasizes students’ interactions with 
authority figures, peers, and tasks (Sabol et al, 2018). 
Justification 
Despite the effectiveness of preschool education, low-income students are at more 
of a disadvantage in learning mathematical content. According to a Head Start Impact 
Study, no significant difference was shown between first-grade students who attended 
Head Start and students who did not attend preschool (Hofer et al., 2013). A factor that 
influenced the results was the lack of time dedicated to mathematical instruction in Head 
Start. (Hofer et al., 2013) Studies have concluded that less than 60% of Head Start 
students' time was dedicated to academic instruction, and students spend the least amount 
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of time learning math content (Hofer, 2013). Surveys and interviews concluded that the 
lack of time and instruction dedicated to math content was because of teachers’ lack of 
self-efficacy, curriculum knowledge, and pedagogically content knowledge of 
mathematics. (Hofer, 2013; McCray & Chen, 2012)  
In addition to the low allotment of time dedicated to math instruction, students’ 
level of engagement determines the student’s knowledge retention. Even though 
economically disadvantaged preschool students have the same motivation to learn, lower 
engagement levels were displayed in economically disadvantaged students when 
completing math-related tasks than economically advantaged students. (Hofer et al., 
2013) 
The possible immediate benefits of performing this study are students’ increased 
exposure to non-symbolic quantity knowledge and patterning skills. Due to the additional 
time dedicated to math instruction and exposure to the manipulatives, the instruction's 
positive effects on their assessment scores could last into elementary school. The 
implications of the study may provide pedagogical knowledge to preschool educators to 
improve math achievement, especially for economically disadvantaged students. 
Conducting this study may inform preschool teachers’ practices in mathematics and 
provide direction in educational leaders’ decision making and curriculum development. 
Performing the study could guide future research about specific instructional strategies to 
increase preschool students’ academic achievement in mathematics. 
Summary 
 
With the increased attention dedicated to mathematical proficiency in elementary 
and high schools, many educational leaders and researchers have been attentive to the 
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acquisition of foundational math skills in preschool. Math skills gained in preschool are 
the precursor to higher math scores in later grades (Hofer et al., 2013; Campbell et al., 
2012). Studies conducted by Rittle-Johnson, Fyfe, Hofer, and Farran (2016) and 
Szkudlarek and Brannon (2018) documented math skills that predict mathematical 
achievement. After conducting a study using The Early Math Trajectories Model, 
patterning skills and non-symbolic quantity knowledge were both predictors of 
mathematical achievement (Rittle-Johnson et al., 2016). There is a statistically significant 
relationship between non-symbolic quantity knowledge and symbolic quantity 
knowledge, and students who possess higher scores on non-symbolic quantity knowledge 
tend to score higher on mathematical achievement tests (Szkudlarek& Brannon, 2018).  
Student engagement is a key indicator of academic achievement (Halliday et al., 
2018). Manipulatives have been used to increase students’ understanding of the 
mathematical concept and increase student engagement (Mattoon et al., 2015). Studies 
have been conducted with both physical and virtual manipulatives to evaluate their 
effectiveness with various grade levels and math concepts (Carbonneau et al., 2013; 
Petersen & McNeil, 2013). Few studies are dedicated to using physical and virtual 
manipulatives when teaching non-symbolic quantity knowledge and patterning skills to 
preschool students. Despite the increased enrollment of students in preschool, racial and 
economic disparities continue to be found in academic achievement related to family 
income (Tucker-Drob, 2012). Even though student motivation for learning and academic 
achievement are similar across groups, disadvantaged groups show differences in student 








Chapter two will discuss the literature related to comparing virtual and physical 
manipulatives’ influence on academic achievement when learning non-symbolic quantity 
knowledge and pattern skills in preschool. The beginning of the chapter includes the 
theoretical framework. Studies defining pattern types and skill stages, recommendations 
for educator practices when teaching patterns, and relationships between patterning and 
mathematical achievement are included in the chapter.  Chapter two also summarizes 
research findings of relationships between non-symbolic quantity knowledge and math 
achievement, symbolic quantity knowledge, and mapping. A synopsis of literature 
recommendations for educator practices when teaching non-symbolic quantity knowledge 
and the importance of student engagement are included in the chapter. This chapter 
concludes with studies that document the importance of student engagement, 
manipulatives' effectiveness, and research-based recommendations for educator practices 
with manipulatives.   
Theoretical Framework 
 
The Pirie-Kieren Theory is an eight-stage, nonlinear model that illustrates the 
mathematical learning process (Martin, 2008). The first four stages are considered 
informal levels of mathematical understanding, and the last four stages are labeled formal 
levels of mathematical understanding (Gülkılık, & Uğurlu & Yürük, 2015). Learning 
math occurs constantly as students interact and analyze mathematical concepts. Because 
of its nonlinear design, students can flow throughout the learning stages. The first stage, 
primitive knowing, is the totality of a students’ knowledge and ability, excluding the 
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introduced mathematical concept. According to his theory, a researcher or educator can 
only make assumptions about a student’s level of primitive knowing. Even though all 
learners begin at the primitive stages of knowledge acquisition, students’ progress 
throughout the stages for varying lengths of time and in different sequences. The next 
stage of the model, image-making, involves student engagement in learning activities that 
help understand the math concept. Image-making encourages students to participate in 
activities that use representations that relate to mathematical skills (Martin, 2008) 
In the third stage, image having, students transition from requiring specific 
activities for understanding to creating a mental plan for other problems involving the 
same math concept. When a student can reflect and articulate the mental math plan, it is 
considered the property noticing. In the fifth stage, formalizing, the student begins to 
make inferences from specific cases and generalize rules and concepts (Martin, 2008). 
Student observations related to their generalizations, interaction with problems, and 
reflections on their findings are occurrences in the observing stage. In the seventh stage, 
structuring, students have more crystalized beliefs related to the patterns of observations. 
Students can have more mathematical discourse about their reasoning. At the final stage, 
inventizing, students can comprehend the math concepts, facilitate conversation, and 
create new concepts based on the understanding of the principle (Gülkılık, & Uğurlu & 
Yürük, 2015). When students are actively involved in the learning process and using 
prior knowledge to connect with other mathematical concepts, it is called “folding back” 
(Martin, 2008). Moving back to a former stage when encountering more rigorous or 
unfamiliar problems is normal and creates opportunities for students to use and create 
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new activities and mental processes than used when they were in the previous stage 
(Gülkılık, & Uğurlu & Yürük, 2015). 
Bronfenbrenner’s Ecological Theory of Development is a model that illustrates 
human development based on a five-tiered system. This theoretical framework highlights 
how a students’ environment and social interactions affect students’ behavior, attitudes, 
and reasoning skills. The student’s growth and development are more affected by the 
environment's propinquity (Bronfenbrenner, 1979).  
The microsystem is a “pattern of activities, social roles, and interpersonal 
relationships experienced by the student […] in their immediate environment” (Gauvain 
& Cole, 2009, p.5). Lasting interactions in the environment with the closest proximity to 
the student are called proximal processes. In this system, proximal processes occur to 
generate and maintain the students’ development. The mesosystem contains the bridges 
where the students operate in two or more places (Gauvain & Cole, 2009). Teachers 
could be categorized in the microsystem or mesosystem, which has closer proximity to 
the student in theory (Bronfenbrenner, 1979). The bridge between two or more places 
where one of the places is not inhabited or occupied by the student but influences the 
child’s growth and development is called the exosystem. The macrosystems contain the 
beliefs, knowledge, resources, culture, and subculture of the areas. Chronosystems is the 
most extensive system that focuses on the change or stability over time in student’s 
surrounding (Gauvain & Cole, 2009). 
Patterns 
 
“Preschool students can acquire and retain significant amounts of math 
knowledge” (Rittle-Johnson, Fyfe, McLean, McEldoon, 2013, p.376). Despite theorists, 
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like Piaget, who assume children were incapable of possessing mathematical 
understanding, numerous studies have rejected the fallacy and embraced children’s 
mental capability. Pattern skills are not limited to instructional periods with a teacher. 
Students use patterns during their play and exploration times in preschool between 20-
40% of their time (Rittle-Johnson, Fyfe, McLean, McEldoon, 2013). 
Types of Patterns 
 
Repeating, Spatial, and Growth are the types of patterns. Repeating patterns are 
the observable repetitious unit within a set. Each part within the patterns is called an 
element. A student’s ability to identify the repetitious unit within a pattern is critical in 
having multiplicative thinking and understanding of equality within groups. It is also 
foundational in recognizing ratios, proportional relationships, and fractions (Papic et al., 
2011). When students identify regularities in structures, they can recognize the repetitious 
units (Papic, 2015). Repeating patterns are arrangements of recurring elements that can 
be extended based on previous elements (Papic et al., 2011). 
The two types of repeating patterns are alternating patterns and double alternating 
patterns. Alternating patterns are repetitive sequences whose elements vary based on size, 
shape, and color. Double alternating patterns are repetitive sequences with the same 
element placed side by side before two other varied elements (Pasnak, 2017). Spatial 
patterns are unchangeable relationships creating using geometric shapes. The spatial 
patterns' relationship is established by the shapes’ size, spacing, linear relationships, and 
numeration. The numerical components in spatial patterns identify the numbers, and 
relationships are the foundational skills for counting (Papic, 2015). “Subitising is the 
ability to identify and differentiate between numerical values” (Papic, 2015, p. 525). 
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When students are exposed to spatial patterns and other subsisting tasks, it will strengthen 
their mental capacity to separate part of the spatial pattern and recognize the relationship 
to the whole or Conceptual Subitisation. This skill is a necessary foundation of number 
sense, “unitising” and “place-value” (Papic, 2015, p. 525). 
Growth patterns are arrangements of sequential progressions or regressions based 
on a mathematical function (Papic, 2015). Because of the lack of exposure to multiple 
types of patterns in early childhood, there is more of a pedagogical focus on additive 
reasoning instead of multiplicative thinking. Using a more complex pattern to connect to 
multiplicative reasoning is essential for recognizing growing patterns and “functional 
relationships” (Papic et al., 2011, 238). 
Pattern Skill Stages 
 
The four stages of pattern skills are pattern duplication, extension, abstraction, 
and pattern unit recognition. There are differences in the level of rigor, abstraction, and 
trajectories based on different pattern skills. The levels are connected and progressive but 
are not separate stages. The beginning stages of patterning skills are pattern duplication. 
This is the student’s ability to create an identical model of a pattern. A more rigorous 
pattern skill, pattern duplication, can extend or select the next corresponding element in a 
pattern. This level of pattern skill can use mathematical skills like multiplicative thinking, 
proportional reasoning. Though this level may be more rigorous, preschool students have 
the mental capability to master the skill, especially if they have had exposure to activities 
and tasks that require pattern extension. One of the reasons why pattern duplication and 
extension are considered lower-level stages is the possibility of bypassing math reasoning 
skills and utilizing visual cues to complete pattern tasks. Pattern abstraction recognizes 
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the repetitive units within a given pattern and creates the same pattern with different 
units. It is the initial stage in mathematical and relational reasoning. Pattern abstraction is 
a more reliable indicator of pattern mastery because of the required attention to the 
structure and not just the individual elements (Rittle-Johnson et al., 2013).  
Even though research from Kotovsky & Genter (1996) and Son, Smith, and 
Goldstone (2011) has shown that students can abstract from the simplistic patterns 
concerning color and size in match-to-sample pattern tasks, true pattern abstraction 
requires the recreation of a new pattern with the same pattern structure (Fyfe, McNeil, & 
Rittle-Johnson, 2015). 
Pattern unit recognition is the ability to identify the type of pattern. Educators can 
assess mastery of the skill by identifying the repeating component of a pattern. This can 
be done orally, written, or by using other resources to signify the pattern. The article uses 
the method of putting a string around the repeating parts, recreating the pattern in a more 
concise form to highlight the repetitive units, or replicating the pattern from memory. 
Students who showed mastery in this skill were able to explain the repetitive elements of 
a pattern and note the number of times the repetitive elements were displayed in a 
structure. Though different assessment tasks for pattern identification have been created, 
studies have not been conducted to determine which is best to determine skill proficiency 
(Rittle-Johnson et al., 2013). 
Rittle-Johnson conducted a study and created a pattern skill model based on a 
difference in preschooler pattern knowledge. There were students in each of the four 
levels. At the end of preschool, pattern duplication was mastered by the majority of the 
students. However, the preschool students had the most difficulties identifying and 
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making a pattern with the minimum quantity of elements needed (Rittle-Johnson et al., 
2013). A study conducted with Head Start students showed lower numbers of mastery 
compared to the prior study. Fewer than half of the students could duplicate a pattern, and 
less than 27% of students mastered pattern extension. The program's economically 
advantaged students showed significantly positive growth in patterning after the 
instruction (Clement & Sarama, 2011; Pasnak, 2017).  Another similar study with Pasnak 
showed similar results on pattern mastery based on socioeconomic status (Pasnak, 2017; 
Pasnak et al., 1996). 
A longitudinal study conducted by Pasnak in 2016 with 6-year-olds concluded 
that complex pattern skills are related to proficiency in higher-level math concepts 
(Rittle-Johnson et al., 2013). When elementary students were exposed to two one-hour 
sessions on pattern extension, pattern unit recognition, and other activities that required 
mathematical discourse and teacher guidance to explain more complex patterns, there 
was a significant difference in their pattern knowledge from their pre and post-
assessments (Cooper & Lamb, 2006; Pasnak, 2017; Warren & Cooper, 2008). Pattern 
abstraction and pattern unit recognition are related to mathematical reasoning, but few 
studies are related to activities that promote mastery of pattern abstraction and pattern 
unit recognition and the timing in which mastery is likely to occur (Rittle-Johnson et al., 
2013). 
Relationship Between Patterning Skills and Math Achievement 
 
Patterning is the foundational knowledge required to build pre-algebraic thinking 
and mathematical reasoning (Papic, 2011). Exposure and mastery of pattern skills can 
lead to increased student awareness of regularities and irregularities, improved language 
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for explaining mathematical relationships, and students’ creation of mathematical 
relationships using numbers, operations, and symbols (Tarim, 2017).  
“Multiplicative thinking is the ability to form visual images of composite unit 
structures in multiplicative situations” (Downton & Sullivan, 2017, p. 306). 
Multiplicative thinking is formed through the development of patterning skills and 
understanding of the composition of basic patterns. Four studies have concluded that 
patterning skills are used when using proportional reasoning (Hunting, 2003; Young-
Loveridge, 2002), subitizing (Bobis, 1996), and calculator counting (Groves & Stacey, 
1998; Papic, 2011). One study by Waters (2004) discussed the mathematical discourse of 
preschool students with patterns and how they recreate patterns (Papic 2011). “Math 
instruction related to patterns increases preschool students’ academic achievement and 
cognitive development” (Pasnak, 2017, p. 2777). When economically disadvantaged 
preschool students learn about alternating patterns, it improved their math proficiency in 
pattern skills, number sense, geometry, and foundational skills for pre-algebra measured 
at age 7 and 11, respectively, in two longitudinal studies (Rittle-Johnson et al., 2015; 
Pasnak, 2017). 
Mathematical reasoning occurs when students can make generalizations and 
abstract relationships to solve problems, especially in a real-world context (Tarim, 2017). 
There is a relationship between algebraic thinking and generalization. Algebra is a subset 
of mathematics that allows one to write and explain mathematical relationships using 
numbers, symbols, operations, and other terms to solve real-world problems. Since 
generalizations deal with relationships and rules for a group, then algebraic thinking and 
patterns can be a systematic form of generalization (Papic et al., 2011). 
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Educator Practices and Pattern Skills 
 
Even though many teachers may briefly discuss patterns in their mathematics 
instruction, the level of effectiveness varies based on pedagogical factors (Pasnak, 2017). 
Exposure to concrete pattern skills, mostly repeating and growing, is essential for 
foundations in pre-algebraic thinking (Warren & Cooper, 2008). The majority of  pattern 
instruction is focused on repetitive patterns and structure, and many teachers did not 
include much pattern abstraction and unit recognition in their math lessons (Rittle-
Johnson et al., 2013; Tarim, 2017). Despite students’ ability to duplicate and extend the 
pattern, the mathematical reasoning required can be bypassed by using visual cues and 
matching. To ensure that students show mastery in pattern skills and not dependent on 
visual matching, teachers must show children pattern tasks that involve pattern 
abstraction (Rittle-Johnson, 2013). Preschool children could recreate and extend patterns 
and solve more rigorous pattern problems if they were provided more opportunities 
(Rittle-Johnson et al., 2013). 
Teachers must provide learning opportunities and activities that guide students’ 
mental processes to make connections and distinguish relationships within pattern 
structures (Björklund & Pramling, 2014). Allotting a short period to pattern skills had 
little effect on their students’ mastery level. When teachers allotted two days for pattern 
abstraction, there was a significant difference in students’ mathematical achievement 
(Pasnak, 2017). One study investigated the effectiveness of pattern exposure and 
interventions on academic achievement by remediating 53 preschool students on 
repeating and spatial patterns for 6 months and compared them to a group of students 
who received regular instruction based on the school’s math independent of the 
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intervention group’s curriculum. The assessment shows that the students who received 
more instruction with patterns demonstrated more mastery in pattern identification, 
abstraction, and extension. They also performed better on the standardized yearly math 
assessment (Papic, 2015; Papic & Mulligan, 2005).  
Papic, Mulligan, and Mitchelmore (2011) explored preschool pattern skills with 
“alternating patterns, spatial structures tasks, and more complex configures than what 
taught in the regular preschool curriculum” (p. 2278). The first set of preschool students 
participated in 14 instructional sessions related to pattern abstraction and pattern unit 
recognition. Another study consisted of 18 instructional sections on pattern alternation 
with multiple colors and arrangements. After the students' interventions, students who 
scored lower than the control group went to score higher in all patterns and spatial tasks. 
One of the issues with some of the experiences was that the children were not randomly 
selected to be in certain groups. The instruction they received was based on the students’ 
classroom assignments at the beginning of the year (Pasnak, 2017). 
Even though there are still unanswered questions about the steps and specific 
instructional strategies that must occur between students’ development of patterning 
skills and their ability to develop algebraic thinking, there are practices that will solidify 
patterning skills (Björklund & Pramling, 2014). Some of the suggested practices are to 
use visual representation and manipulatives to generate patterns, use questioning to guide 
student generalization, and show students the connection between the pattern structure 
and the units that create the pattern (Björklund & Pramling, 2014; Tarim, 2017). One of 
the common errors when completing tasks that require pattern extension is the repetition 
of the first elements of the pattern without noticing the structure of the pattern. When 
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preschool students receive focused instruction related to patterns and structure, they score 
significantly higher on Tarim’s 16-item pattern assessment than students who did not 
receive focused instruction related to patterns (Tarim, 2017).  
Teachers should change from guiding students in focusing on the next element in 
the sequence to looking at the pattern structure as a whole with parts established by a 
given rule (Rittle-Johnson et al., 2013). Mathematical modeling is a term used to express 
the process representing the rules of the pattern. Identifying the pattern’s rules and 
mathematical modeling is a major component of mathematical thinking. During math 
instruction related to pattern, students should be required to recognize, explain, and 
abstract information to transfer patterns by different mediums (Tarim, 2017). Because of 
the lack of exposure to multiple types of patterns in early childhood, there is more of a 
pedagogical focus on additive reasoning instead of multiplicative thinking. Using a more 
complex pattern to connect multiplicative reasoning is essential for recognizing patterns 
in growing or expanding patterns and functional relationships (Papic et al., 2011). 
The study by Tarim (2017) established that students learned better when learning 
patterns involve collaborative groups.  To distinguish the level of pattern mastery, 
teachers must provide students with different assessment instruments and pattern tasks. 
An example of this is illustrated in Björklund and Pramling’s (2014) study that included 
nine tasks assessing students’ ability to duplicate, extend, abstract, and recognize units of 
patterns. Students were assessed orally and through the students’ manipulation of 
physical manipulatives.  Teachers must also ensure that when discussing a skill, students 
see examples of the concept and non-examples. Without variation in instructions, 
students are ill-prepared when encountering a concept that is not exactly like what was 
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shown, and it becomes difficult for teachers to distinguish mastery from memorization 
(Björklund & Pramling, 2014)—using abstract language to label the pattern structure 
(abab, aabb). And facilitating more opportunities for student mathematic discourse about 
students’ reasoning with their peers increased students’ math achievement (Pasnak, 
2017). 
Non-Symbolic Quantity Knowledge 
 
All humans possess an innate numerical sense employed to aid in approximating, 
comparing, and performing calculations with non-symbolic numerical quantities. This 
mathematical skill is called non-symbolic quantity knowledge (Szkudlarek & Brannon, 
2018). The three characteristics of non-symbolic quantity knowledge are related to its 
inherent and imprecise nature, and the ability to discriminate improves with age (Li et al, 
2018). Even infants can discriminate between non-symbolic quantities at a ratio 
difference of 3:1 (Bonny & Lourenco, 2013). “In children as young as three months, 
there is an activity within the parietal and prefrontal cortices of the brain for smaller 
ratios.” (Bonny & Lourenco, 2013, p 376). The skill continues to improve into preschool 
with activity in the intraparietal sulcus and prefrontal cortex. Adults have quicker and 
more correct responses in larger non-symbolic quantities than children, and the brain 
activity shifts more toward the intraparietal sulcus and less from the prefrontal cortex 
(Bonny & Lourenco, 2013).  
Unlike non-symbolic quantity knowledge, symbolic quantity knowledge relates to 
precise quantities related to the concrete number system (Bonny & Lourenco, 2013). 
Neurological studies show that similar brain activities occur during symbolic and non-
symbolic activities, even in young children (Bonny & Lourenco, 2013). There are several 
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studies where preschool students can perform assessments with non-symbolic quantity 
knowledge successfully (Li et al, 2018). A study conducted by Gilmore (2007) showed 
that 5 year-olds could complete the symbolic tasks that involved conversion between the 
symbolic Arabic numbers to non-symbolic quantities (Li et al., 2018). Some hypothesize 
that children used non-symbolic quantity knowledge and mapping skills to complete the 
task, and mathematical learning tasks aided in their symbolic skills (Li et al., 2018). 
Relationship Between Non-Symbolic Quantity Knowledge and Math Achievement 
 
The primal nature of non-symbolic quantity knowledge is the building block for 
mathematical computation and problem-solving even into adulthood (Halberda & 
Feigenson, 2008). There is a connection between non-symbolic quantity knowledge and 
math achievement. Preschool students and adults who have higher non-symbolic quantity 
knowledge score better on mathematic assessments. Because children can create 
estimates of the correct answer before solving problems, it is believed to be a connection 
between non-symbolic quantity and symbolic quantity knowledge (Szkudlarek & 
Brannon, 2018).  Szkudlarek & Brannon (2018) discussed studies conducted by Park and 
Brannon (2013, 2014) that involved training adults on over ten sessions of addition and 
subtraction of quantities represented by dots without counting. The participants were 
randomly assigned to a control and training group. All of the participants were 
administered assessments of approximate arithmetic using dots. After the instruction and 
assessments, the adults who received the ten instructional sessions showed better scores 
on symbolic arithmetic assessment than the groups that did not receive the instructional 
sessions. Another study conducted with approximate arithmetic and non-symbolic 
quantity training for first grade students noted an increase in scores in their arithmetic 
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fluency, and the effects of the math training lasted a year after the training (Szkudlarek & 
Brannon, 2018). 
Another study by Halberda et al. (2008) established that mastery levels on non-
symbolic quantity knowledge assessments performed by 14-year-old students correlated 
with mastery elementary math scores (Halberda et al, 2008). Children who had a smaller 
ratio of discrimination of non-symbolic quantity knowledge scored higher on 
standardized math assessments (Bonny & Lourenco, 2013).  
Libertus, Feigenson, and Halberda (2011) conducted a study to identify possible 
connections between non-symbolic quantity knowledge and math ability. The study 
included 200 4-year old students who received a computerized assessment based on non-
symbolic quantity knowledge. To provide necessary feedback to students, the students 
heard high and low pitch tones following each response. The post-assessment that was 
used to evaluate students’ math ability was the Test of Early Mathematics Ability and 
employed the developmental vocabulary assessment for parents to assess the students’ 
verbal skills. The results concluded that there was no significant difference between the 
response time and accuracy between genders. As the non-symbolic quantity comparisons 
were closer in value, the level of accuracy decreased. The mastery level related to 
preschool non-symbolic quantity knowledge was associated with high scores on the Early 
Mathematics Ability (Libertus et al, 2011). 
Other prior studies show varied outcomes. Because the numerical distance effect 
occurs in symbolic and non-symbolic quantities, Holloway and Ansari (2008) proposed a 
connection between both types of quantities. NDE or numerical distance effect measures 
the level of inaccuracy when comparing numerical values closer in value. The decrease in 
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the numerical distance effect when representing non-symbolic and symbolic quantities 
could be due to a child’s age and speed of the mental process, the understanding of the 
infinite nature of numbers and connecting that relationship with its distance on a number 
line, or Arabic numerical are used more often instead of varied representations of 
numeric values. During the study, 87 students in kindergarten through second grade and 
18 adults completed symbolic and non-symbolic computerized tasks. The study 
concluded that there was a significant difference between adults’ and children's 
processing speed, but there was not a significant difference between children's and adults' 
scores in the non-symbolic and symbolic quantities task (Holloway and Ansari, 2008). 
Soltész, Szücs, and Szücs (2010) conducted a study involving 65 preschool 
students completing 25 computerized tasks with symbolic and non-symbolic quantities. 
The task involved students counting from 1-10, recalling numerical values from memory, 
quantity estimation and computation of non-symbolic representations, and comparing 
symbolic quantities. The study concluded that there was no significant difference 
between non-symbolic quantity knowledge and symbolic quantity knowledge (Soltész et 
al., 2010). 
Relationship Between Non-Symbolic and Symbolic Quantity Knowledge 
 
Although there is no consensus in the research relating non-symbolic quantity 
knowledge directly to math achievement; researchers believe that there is a connection 
between symbolic quantity knowledge and skill and math achievement (Li et al., 2018). 
Symbolic and non-symbolic quantity knowledge are shown to the basis for higher math 
reasoning in preschool students. Li, Zhang, Chen, Deng, Zhu, and Yan (2018) conducted 
a study to investigate mathematical trajectories between non-symbolic quantity 
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knowledge and other foundational math skills. The study included 253 students from ages 
4-8 years old who were assessed using the TEMA-3. The TEMA-3 assessment evaluates 
number-naming, verbal counting, non-symbolic counting, symbolic comparison, math 
competence, and mapping. This study concluded that the preschool student performed 
best on the non-symbolic questions, and non-symbolic quantity knowledge had an 
indirect effect on math ability because of its effect on symbolic quantity knowledge for 
children under six years (Li et al, 2018).  
Another study performed by Szkudlarek & Brannon (2018) yielded similar results 
when examining the relationships between non-symbolic and symbolic quantity 
knowledge and math achievement scores on standardized assessments. The study 
included 74 preschool students who were given a computerized pre- and post-assessment 
related to non-symbolic quantity knowledge. The results showed a significant difference 
based on age but not gender (Szkudlarek & Brannon, 2018). 
Relationship Between Non-Symbolic Quantity Knowledge and Mapping 
 
In the early childhood education curriculum, educators are focused on students’ 
ability to identify and create symbolic representations of quantities. Despite the emphasis, 
there is a relationship between non-symbolic and symbolic quantity knowledge and 
mapping. According to a study conducted by Mundy and Gilmore (2009), students who 
perform well with mapping in both directions, with symbolic and non-symbolic 
quantities, are shown to have higher math performance. Another study conducted by 
Berteletti, Lucangeli, Piazza, Dehaene, and Zorzi (2010) explores the age of verbal 
acquisition of numbers and the development of mapping. The ability to express numbers 
verbally is a necessary stage in mapping. The stages are related to several senses in our 
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culture, including the ability to convert non-symbolic quantity knowledge to quantity 
knowledge, linear mapping numbers on a number line from least to greatest, and the 
numbers used in a real-life context like measurement.  In the first experiment, 46 
kindergartners were assessed by two researchers individually. They were required to 
name their numbers from 0-9 on flashcards and place missing numbers on a string that 
represented a number line. The second experiment involved 373 kindergarten students. 
The tests were similar, but the students worked with numbers from 1-20 (Berteletti et al, 
2010).  
The results show that the younger student relied on the positioning from the 
numbers on the number line in the second task, while the order children positioned the 
number linearly. Other skills are required to complete the skills than just knowing the 
order of numbers (Berteletti et al., 2010). “Preschool students map the numbers within 
their range of counting onto non-symbolic quantities” and exclude numbers that they are 
unable to count (Berteletti et al., 2010, p.550). The results showed that students who had 
problems counting did not do well on the estimation task from 0-100 but performed better 
on the task from 1-20 (Berteletti et al., 2010). Other similar studies conducted by 
Kolkman and Brankaer produced the same results, but one study conducted by Den Bos 
following two successful studies did not yield the same results (Brankaer, Gheshquiere, 
DeSmedt, 2014; Kolkman, Kroesbergen, Leseman, 2013; Li et al., 2018). 
Educator Practices and Non-Symbolic Quantity Knowledge 
 
Differences in the effectiveness and time dedicated to math instruction account 
for much of the math achievement variance (Wang et al., 2016). Lack of exposure to non-
symbolic quantities in preschool is one of the culprits of low math achievement. Teachers 
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who dedicated more time to academic subjects like mathematics saw higher test scores in 
their students than teachers who had more time dedicated to “free-learning” or self-
discovery activities (Goble et al, 2016). Goble, Hanish, Martin, Eggum-Wilkens, Foster, 
and Fabes (2016) conducted a study to investigate environments associated with student 
academic readiness in a preschool setting and examine teacher behaviors and practices 
that are associated with academic success. The participants in the study were 308 students 
from 18 Head Start classes. To evaluate the environment and teacher practices related to 
school readiness, the researcher used observation logs, observation, teacher questionnaire 
and preschool assessments, and the Woodcock-Johnson III test of achievement. After 
three years, the results showed that gender significantly differed in the teachers’ 
perception and the students’ Woodcock-Johnson III test scores. Preschool girls were 
more likely to have higher scores from this study. Children spend 61% of their day in 
discovery learning activities, and less than 40% of their time was dedicated to teacher-led 
academic activities. Less than 20 classrooms dedicated more time to teacher-led 
academic instructional activities (Goble et al., 2016). 
Even though non-symbolic quantity knowledge is an instinctive skill, increased 
exposure can improve students’ proficiency. Halberda & Feidgenson (2008) conducted a 
study with 80 students ranging from ages 3-6 years old in five groups who receive a 14-
item computerized task. The research concluded that the girls performed slightly better 
than the boys on the assessment. Even though age was one of the more prominent factors 
in scores, research states that exposure to activities with non-symbolic quantity 
knowledge can increase student accuracy. Halberda & Feidgenson (2008) also supported 
this claim by citing a study conducted by Wilson, Revkin, Cohen, Cohen, & Dehaene in 
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2006 with 8 hours of sessions with children with learning disabilities related to math. 
After five weeks on a computer program focused on non-symbolic and symbolic quantity 
knowledge, the students’ proficiency level in the area grew. One of the things that the 
researcher noticed is that when preschool students encountered more difficult non-
symbolic quantity discrimination problems, they were more likely to randomly choose an 
answer (Halberda & Feidgenson, 2008). 
When weaknesses in math skills are identified early, early intervention can 
alleviate the issue. Some of the factors that affect math achievement are socioeconomic 
status, teacher discourse and instructional strategies, domestic environment, and mental 
ability. Factors like long- and short-term memory affect a students’ mental ability. When 
students are exposed to non-symbolic quantity knowledge on a number line, it is 
connected to math achievement (Libertus et al., 2011). 
Student Engagement 
 
Economically disadvantaged students have a greater likelihood of beginning 
school with academic and social deficits. Preschool can improve low-income students’ 
school readiness. Despite the increased enrollment in preschool, there are still significant 
differences in engagement levels that can affect a students’ academic and social 
development and rate of recommendation for interventions. (Sabol et al., 2018). Focused 
engagement, task management, competing engagement are the three categories of 
engagement behaviors. When students are on task and actively involved in academic 
assignments, they possess focused engagement. Task management is the student’s 
preparatory behavior for an academic response in the learning environment. Some 
behaviors associated with task management engagement are paying attention to the 
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teacher’s instruction and getting the teacher’s attention by raising a hand. Competing 
engagement is off-task behavior that distracts the learning environment. When children 
display behavior associated with competing engagement, they are more likely to have 
difficulties understanding the content, lack the tenacity to struggle through problems 
productively, and be unmotivated, or distracted by others, objects, or thoughts (Nelson et 
al, 2017).  
Sabol, Bohlmann, and Downer (2018) conducted research to investigate specific 
teachers’ practices that would decrease the variations between students and explore how 
students’ levels of engagement and interactions related to student achievement. The study 
included 211 preschool students. The data was collected using an in-class assessment, 
which measured positive engagement with teachers, communication with teachers, 
conflict with teachers, sociability with peers, assertiveness with peers, communication 
with peers, conflict with peers, engagement with tasks, self-reliance with tasks, and 
behavior control. After collecting data related to the ten dimensions of class interactions, 
the results concluded that the strongest correlations are positive engagement with task 
and teachers, positive engagement with task, and positive engagement with peers. 
Conversely, negative engagement is negatively correlated with teacher engagement 
(Sabol et al, 2018). 
Positive teacher interactions have a significant effect, especially on the trajectory 
of low-income students and their school attitude. Students are usually more well behaved, 
more knowledgeable, interact more positively with peers when a teacher is attentive to 
students needs and provides a structured, productive classroom environment, kind, and 
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encourages academic discourse and activities that are developmentally appropriate that 
require productive struggle (Sabol et al, 2018).  
Educator Practices & Student Engagement  
 
Preschool students attain academic gains when teachers cultivate an environment 
that is safe, organized, and exhibit math and literacy material. Even when a teacher has 
created an environment for success, children can still have different classroom 
experiences (Sabol et al., 2018). One of the key factors that influences student 
engagement and academic achievement is the teacher's instructional practices (De Haan 
et al, 2014). De Haan, Elbers, and Leseman (2014) conducted a study to compare 
academic achievement levels between students who engaged in teacher-led or student-led 
activities. The study included 92 preschool and kindergarten students. The students 
received a pre- and post-computerized assessment that was named the Performance 
Indicator in Primary Schools. During the two-week observation period, the observed 
behaviors were coded as “teacher-managed language/literacy activity,” “teacher-managed 
math activity,” “Child-managed language/literacy activity,” and “Child-managed math 
activity.” The study concluded that mathematics teacher-managed behaviors were related 
to school readiness and increased student outcomes (De Haan et al., 2014). There were 
low levels of child-managed math activities and teacher-managed math-related activities. 
At least four other studies revealed that teachers emphasize reading more than math (De 
Haan et al, 2014; Graham, Nash, & Paul, 1997; Howes et al, 2008; Phillips et al, 2007, 
2009). When students did participate in “teacher-managed math activities”, the activities 
were not rigorous and did not require much mathematical reasoning. Preschool “child 
managed math-related activities” did not show significant mathematical gains. Much of 
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the preschool students’ time was dedicated to transitional activities as opposed to 
instruction. When more time is dedicated to instructional purposes, students become 
more knowledgeable and engaged in mathematical content. When teachers provide a 
uniform, comprehensive academic program, they spend more time on academic subjects, 
and their students demonstrate more academic achievement. When teachers use more 
math terminology and discourse, students will show more growth in mathematics (De 
Haan et al., 2014). 
Alford, Rollins, Padron, and Waxman (2015) explored the types of instruction and 
their influence on student behaviors and instructional activities in a preschool and early 
elementary classroom environment (Alford et al., 2015). The types of instructional 
groups were small group, one-on-one, and whole group, and the constructs that are part 
of the measurement are environment quality and classroom engagement (Alford et al., 
2015). The study includes 91 teachers and 450 preschools through second-grade students 
(Alford et al, 2015). To properly observe and document the behaviors, the researcher 
used the “PK2 Student Behavior Observation Schedule,” “PK2 Teacher Roles 
Observation Schedule,” “PK2 Overall Classroom Observation Measure” (Alford et al, 
2015). The results showed that the most common practices for students in the classroom 
are writing, listening, and watching. Learner center activities took place less than 10% of 
the day. Whole group instruction was implemented close to 60% of the time, and small 
group and individualized instruction occur less than 20% of the time for each. Direct 
instruction was implemented about 55% of the time. Neither gender nor race had a 
significant difference in student engagement. The teachers’ level of developmentally 
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appropriate instructional practices was more closely correlated with student engagement 
than race or gender (Alford et al, 2015). 
Math Manipulatives 
 
“Preschool students’ mental abilities, psychological processes, and sociocultural 
experiences influence mathematical acquisition” (Moyer-Packenham, 2012, p. 39). With 
high levels of accountability and scrutiny on schools and educational leaders to create 
and sustain academic progress, educators must make use of effective instructional 
strategies to ensure students’ academic success (Liggett, 2017). Students use concrete 
representation to understand their surroundings. Physical and virtual manipulatives are 
both used to aid in learning, and in many studies, they are effective in increasing student 
outcomes (Moyer-Packenham, 2012). Manipulatives are instructional tools that possess 
features that vary in color, shape, and size to assist with the learning of mathematical 
concepts. Implementing manipulatives should create mathematical insight that connects 
with other math skills and equivalent assessment items. Manipulative can support 
students’ remediation of mathematical skills (Liggett, 2017).  
Virtual manipulatives provide students a platform to create, test, hypothesize, 
reconfigure, perceive, and obtain feedback on their learning performance at a faster time 
compared to not using manipulatives (Moyer-Packenham et al, 2013). Physical and 
virtual manipulatives are both used to aid in learning, and many studies show that they 
are effective at increasing student outcomes. Many virtual manipulatives mimic the 
designs of physical manipulatives, and some are unique (Moyer-Packenham, 2012). One 




Effectiveness of Manipulatives 
 
There are mixed results on the effectiveness of manipulatives (Bjorklund, 2014; 
Burns & Hamm, 2011; DeLoache, Scudder & Uttal, 1997; Driscoll, 1983; Swan & 
Marshall, 2010), however, most of the studies showed positive student outcomes with the 
use of manipulatives.  A study conducted by Sowell (1989) concluded that students had 
better attitudes toward mathematics when manipulatives were used. Similar results were 
identified in a study conducted by Ralphael & Wahlstrom (1989) that demonstrated that 
the student knowledge of geometry, ratio, proportions, and percents were improved with 
the use of manipulatives. Liggett (2017) conducted a study to investigate the relationship 
between the use of math manipulatives and improved student outcomes.  This quasi-
experimental study included 43 students, between the ages of 6 to 8-years-old who were 
administered a pre and post-assessment. Only one of the groups was exposed to the unifix 
cubes during the study and allowed to use them during their post-assessment. The results 
show a statistically significant difference in the post-assessment score of the students who 
used manipulatives (Liggett, 2017). 
Moyer-Packenham (2012) documented eight studies related to manipulatives use 
with various ability groups. Two of the articles did mention that virtual manipulatives 
increased student on-task behavior. Hitchcock and Noonan conducted a study in 2000 
with special preschool needs and concluded that students perform better with virtual 
manipulatives than using any manipulatives (Moyer-Packenham, 2012). The purpose of 
Moyer-Packenham’s (2012) study was to see the effects of virtual and physical 
manipulatives on varied ability groups when learning how to solve problems with rational 
numbers. The study included 58 fifth-grade students separated into low, middle, and high 
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groups based on math academic achievement. The students were issued a pre- and post-
assessment and participated in instructional sessions with virtual manipulatives. The 
results of this study concluded that there was statistically significant growth for all three 
ability groups. Even though there were significant gains in all groups, their mental 
processes were different. The high performing group saw relationships quickly and used 
more mental math. The average group used some mental math and step-by-step 
procedures. The low-performing group used step-by-step procedures and didn’t see the 
relationships or patterns within the concepts (Moyer-Packenham, 2012). 
Algebraic reasoning requires students to know how to use visual, concrete 
representations to represent abstract expressions and operations (Warren & Cooper, 
2008). When teachers implement growth patterns in elementary math instruction, they 
allow the children not just to use generalization to formulate a rule or function (Warren & 
Cooper, 2008). The idea that a rule or function is used to create a pattern is an 
introductory activity to understanding variables (Warren & Cooper, 2008). Some of the 
factors that make it challenging to generate a function for a pattern are lack of 
mathematical vocabulary, not using multiple operations in generalization, and the 
requirement for more productive struggle (Warren & Cooper, 2008). The most obvious 
reason students have difficulties with this skill is the lack of exposure to activities that 
help them understand the skill (Warren & Cooper, 2008). 
Warren and Cooper’s (2008) study was conducted with two middle school 
classroom teachers and 45 middle school students. There was a significant difference 
between the pre- and post-assessment scores. When the students were able to use 
traditional manipulatives like tiles, it helped them find the unknown value or position in 
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the pattern. Students experience difficulties with written explanations of generalization 
compared to verbal descriptions of the process and rule. Unfortunately, after two lessons, 
the students were unable to construct their growth patterns (Warren & Cooper, 2008). 
When manipulatives are used properly, they can accelerate the learning process, 
but when they are implemented poorly, they can cause confusion and decreased 
motivation. Based on prior research, Belenky and Nokes (2009) predicted that using life-
like manipulatives with metacognitive prompts would increase students’ math mastery 
through enhance procedural use and speed while implementing abstract manipulatives 
will increase in-depth mathematical understanding. The study conducted included 90 
college students who were assigned to complete math prompts with and without 
manipulatives. The math prompts involved probability. There was no significant 
difference between the groups that utilized the manipulatives and used no manipulatives 
in their maths mastery (Belenky & Nokes, 2009). 
Results of manipulatives advantages on each lesson may vary because of the 
specific math skill may not be the objective, instruction, and appropriateness of 
manipulative based on student population. A few studies are dedicated to comparing 
physical and virtual manipulatives (Carbonneau & Marley, 2015). Moyer-Packenham, 
Baker, Westenskow, Anderson, Shumway, Rodzon, and Jordan (2013) conducted a study 
to explore the level of knowledge acquisition and retention of fractions of knowledge 
when elementary students use virtual and physical manipulatives. The study included 350 
third and fourth-grade students selected to receive instruction with virtual or physical 
manipulatives (Moyer-Packenham et al, 2013). Both groups used the same curriculum 
material, Pearson SuccessNet, and were exposed to similar instructional practices and 
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proper modeling with the designated manipulative and allowed to use designated 
manipulative while completing the assignment (Moyer-Packenham et al., 2013). Despite 
the students’ score increase, there was no significant difference between students’ scores 
who use physical or virtual manipulatives (Moyer-Packenham et al., 2013). 
Educator Practices & Manipulatives  
 
It is a common practice to use manipulatives in a preschool and elementary 
setting to learn mathematics. Research states that manipulatives' implementation can 
increase math mastery, but not all manipulatives are created equally. Manipulatives must 
not distract or lack the connection between the abstract math concept. Some even believe 
that manipulatives can negatively affect children with lower levels of knowledge. Despite 
the debate related to the effectiveness, most would agree that it is more meaningful to 
look at the instructional processes with the manipulatives (Ertle, 2017). “Through 
manipulatives and other kinesthetic activities enhance perception and thinking, 
understanding does not travel through the fingertips and up the arm” (Ball, 1992, p. 47). 
Mathematical knowledge can only be obtained through a reflection of the mathematical 
skill. The factors that affect student learning when teachers implement manipulatives in 
instruction are students' grades and teachers’ attitudes and experience with manipulatives 
(Moyer-Packenham et al, 2013). 
Studies show that some teachers may not take time to connect and discriminate 
between the types of manipulative employed to ensure student learning (Ball, 1992; 
Kamii, Lewis, & Kirkland, 2001). Ertle (2017) raises questions regarding the teacher with 
the rationale for the lack of questioning of manipulatives and relevance to the content, 
teachers’ ability to analyze manipulative use, training, or assistance necessary to ensure 
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that the manipulatives are used to promote student learning. Ertle (2017) explored the 
answers to questions related to teacher competency when evaluating and implementing 
manipulative in preschool math lessons. The study includes preservice teachers who are 
enrolled in a methods math course at a junior college in early childhood education. The 
data from the quantitative study was collected from the researchers’ notes and recordings. 
One of the first discoveries during the study was the plethora of manipulatives chosen to 
teach the same task.  Some were identified as inappropriate to teach cardinality like dice, 
dominoes, and unifix cubes because their added features may distract from analyzing the 
objects as a whole or items are linked. The other skills that were taught using 
manipulatives were measurement and subtraction. Another conclusion was that the 
teachers benefited from the activity but needed to collaborate with other teachers. 
Because of their inexperience in the field and lack of pedagogical knowledge, it is 
difficult for some of the preservice teachers to know which manipulatives are best for 
students learning a skill (Ertle, 2017). When educators reflect on the connection between 
the concept and the manipulative, learning retention is enhanced (Liggett, 2017). To 
ensure that the use of the manipulatives leads to greater math comprehension, teachers 
must explicitly state the connection between the manipulatives and the abstract skill 
(Ertle, 2017).  
Providing children with manipulatives will not ensure learning acquisition. 
Students must connect prior knowledge and the manipulative with the new skill. Students 
learn more from experiencing the representation and having time to reflect on their 
learning. Implementing manipulative may increase optimism toward mathematical 
concepts. Furman’s (2017) study involved documentation of experiences from a teacher 
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reflecting on her preservice math and pedagogical courses. When she surveyed their 
students about their predilection to mathematics, only 15% responded positively. When 
the teacher implemented manipulatives in her math classroom, the students appeared to 
possess a positive attitude toward the new implementation. When the teacher first 
implemented the manipulatives to teach a math concept and ask the student to reflect on 
their understanding of the concept related to the manipulative, the students had trouble 
making the connection. They also did poorly on the academic quiz. After four more 
sessions and more reflections for the teacher and students; eventually, the students 








The purpose of this study was to determine if there was a significant difference in 
preschool student academic achievement based on manipulative types to learn non-
symbolic quantity knowledge. The study also examined the difference in preschool 
student academic achievement based on manipulative types to learn patterning skills. The 
study included two intervention groups, participants using physical manipulatives and 
virtual manipulatives, and one non-intervention group. Non-symbolic quantity knowledge 
and patterning skills were the dependent variables for this study.  
Research Hypotheses 
 
The following hypotheses guided this study: 
H1: There is a difference in preschool academic achievement when using virtual 
manipulatives to learn pattern skills. 
H2: There is a difference in preschool academic achievement when using physical 
manipulatives to learn pattern skills. 
H3: There is a difference in preschool student academic achievement when using 
virtual manipulatives to learn non-symbolic quantity knowledge. 
H4: There is a difference in preschool student academic achievement when using 
physical manipulatives to learn non-symbolic quantity knowledge. 
Research Design 
 
The research design for this study was quasi-experimental. A quantitative 
approach was used to collect data about preschool students’ math achievement related to 
patterning skills and non-symbolic quantity knowledge. The researcher identified the 
 
40 
level of the participants’ pattern mastery based on the number of correct responses during 
the Repeated-Pattern Assessment. The assessment that measured student mastery of non-
symbolic quantity knowledge, Panamath, calculated the number of correct and incorrect 
responses to randomized trials.  
Participants 
 
The participants for the study were 4 to 5-year-old students from nine privately 
owned preschools in Mississippi. Permission to conduct the study at the preschools was 
obtained from the director of the preschools. Parental consent was obtained from all the 
parents of the participants in the study. The nine preschools that participated in the study 
are Madison Preschool, Hazlehurst United Methodist Preschool, Green Tree Learning 
Center, Rainbow of Love Preschool, Safe Place Daycare & Learning Center, Tender Care 
Learning Center, Kiddie Corral Learning Center, Precious Hands Learning Center, and 
Global Connection Learning Center. The sample size was 91 four to five-year-old 
preschool students. The population had 64 four to five-year-old preschools students that 
attended Madison Preschool, 30 preschool students attended Hazlehurst United Methodist 
Preschool,  5 preschool students at Green Tree Learning Center, 10 students from Safe 
Place Daycare and Learning Center,  13 preschool students from Precious Hands 
Preschool, 20 preschool students from Rainbow of Love Preschool, 37 preschool students 
at Tender Care Learning Center, 5 preschool students at Kiddie Corral Christian Learning 
Center, and 16 preschool students from Global Connection Learning Center. The number 
of participants from Madison Preschools, Hazlehurst United Methodist Preschool, Green 
Tree Learning Center, and Safe Place Daycare and Learning Center were 30, 3, 5, and 4 
students, respectively. The number of participants of Precious Hands Preschools, 
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Rainbow of Love Preschool, Tender Care Learning Center, Kiddie Corral Christian 
Learning Center, and Global Connection Learning Center were 6, 7, 30, 2, and 4 students 
respectively. The students from the preschools represented racially, intellectual, and 
heterogeneous socioeconomic backgrounds. 
Instrumentation 
 
The assessment instruments used in this study were the Repeating-Pattern 
Assessment and trials from the computer program, Panamath (www.panamath.org). The 
Repeating-Pattern Assessment was composed of 10 tasks that evaluate participants’ 
pattern mastery using physical manipulatives and pictorial representations. The 
assessment instrument evaluated participants’ patterning skill with the use of different 
pattern types. The first four tasks used a linear pattern formed with tangram puzzle 
shapes adhered to cardstock. The first task instructed participants to replicate an AABB 
pattern with tangram shapes. Pattern duplication, the entry-level of patterning skills, was 
assessed with the first task. The second task instructed participants to extend an ABB 
pattern with tangram puzzle shapes. Extension of an AABB pattern represented by the 
tangram puzzle shapes and cardstock was the directive for the third task. Accuracy on the 
second and third tasks showed mastery of pattern extension (Rittle-Johnson et al., 2013). 
The next four tasks used tangram puzzle shapes adhered to the cardstock and 
three-dimensional objects to abstract the pattern with different pattern units. The fourth 
task instructed the participants to create an AABB pattern based on the tangram puzzle 
shapes adhered to the cardstock in a linear pattern. Creating an ABB pattern with tangram 
puzzle shapes based on an ABB pattern with different colors and shapes from the 
tangram puzzle shaped pattern was the fifth task. The sixth task directed participants to 
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abstract an AABB pattern from the tangram puzzle shape pattern (Rittle-Johnson et al, 
2013).  
The objective of the seventh task was to create an AAB pattern with colored 
cubes based on the tangram pattern. The participants were considered to be proficient in 
pattern abstraction if accuracy was displayed on the fourth through the seventh task. The 
last three tasks implemented unifix cubes and tangram puzzle shapes on cardstock to 
assess pattern mastery. The eighth task assessed the participants’ memory with patterns. 
The participants were shown an ABB pattern for five seconds and asked to replicate the 
pattern from memory with tangram puzzle shapes that are identical to the pattern. The 
ninth task directed the participants to identify the smallest AAB pattern units and 
represent the smallest units with tangram puzzle shapes.  The participants created the 
smallest tower possible with the same pattern with unifix cubes of the same color from an 
AAB pattern in the final task. Mastery of the final two tasks were aligned with the 
participants' understanding of pattern unit recognition. For each of the task, the 
participants received enough physical pattern elements to create two-and-a-half pattern 
units except for the memory task in which participants were allotted three-and-a-half 
pattern units. (Rittle-Johnson et al, 2013). 
Panamath is a computerized assessment that includes 46 randomized trials with 
yellow squares on both sides of the screen with a black divider separating the quantities. 
Panamath was used in Halberda and Feigenson’s (2008) and Halberda, Feigenson, and 
Mazzocco’s (2008) experimental studies to distinguish the age of significant variance 
with non-symbolic quantity knowledge and identify trajectories from non-symbolic 
quantity knowledge and other math skills necessary for mathematical achievement. To 
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ensure that figures were appropriate for preschool students, Seasame Street characters, 
Big Bird and Grover, were positioned in the corners below the rectangular fields. The 
computerized numerical discrimination task lasted 8 minutes.  The participants were 
asked to identify the side with the larger quantity without counting (Halberda & 
Feigenson, 2008; Halberda & Mazzocco & Feigenson, 2008). 
Procedures for Instrumentation 
 
After the Institutional Review Board’s approval, site directors’ written and verbal 
permission, and parents’ return of written consent to allow the participants to participate 
in the study, the assessments, the Repeated-Pattern assessment and Panamath assessment, 
were administered to the participants. Following the pre-assessments, the participants 
were randomly assigned to groups that received math instruction with physical 
manipulatives, instruction with virtual manipulatives, or no math instruction from the 
researcher. The researcher assigned each student a number between 1 through 91 and 
used a random number generator from Microsoft Excel to randomly assign each student 
to either the virtual manipulative, physical manipulative, or control group. 
The participants who received the instruction with manipulatives completed eight 
sessions of instruction about patterning skills and non-symbolic quantity knowledge 
before completing the post-assessments. Participants used tangram puzzle shapes and 
unifix cubes as physical manipulatives, and tablets were administered for the virtual 






Instruction: Day 1 
The researcher provided instructions and a brief overview of each task within the 
Repeated Patterns and Panamath assessments before the assessments were administered. 
The researcher administered the assessments to all the participants in a quiet room. 
Instruction: Day 2 
Session 1: (Physical Manipulatives & Pattern Skills)  
On the first session of instruction with physical manipulatives and pattern skills, 
the researcher: 
• Displayed pictures of patterns to the participants.  
• Asked the participants to name the physical attributes of each element in the 
pattern and describe what occurred in the picture.  
• Provided the participants feedback and identified the pictures as a pattern. 
• Discussed the definition and types of patterns.  
• Modeled how to create patterns. 
• Administered tangram shapes to participants to represent AB patterns. 
Session 2: (Physical Manipulatives & Non-Symbolic Quantity Knowledge): On 
the second session of instruction with physical manipulatives and non-symbolic quantity 
knowledge, the researcher: 
• Asked the participants about their favorite type of candy.  
• Displayed varied amounts of candy adhered to two cardstock sheets and asked 
participants to hypothesize which has the larger quantity.  
• Modeled quantity comparison with three additional examples. 
• Provided unifix cubes to participants and asked them to compare quantities. 
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Session 3: (Virtual Manipulatives & Pattern Skills) On the third session of 
instruction with virtual manipulatives and pattern skills, the researcher: 
• Displayed pictures of patterns to the participants.  
• Asked the participants to name the physical attributes of each element in the 
pattern and describe what occurred in the picture.  
• Provided the participants feedback and identified the pictures as a pattern. 
• Discussed the definition and types of patterns.  
• Modeled how to create patterns. 
• Administered tablets to participants to use virtual tangram shapes to represent AB 
patterns.  
Session 4: (Virtual Manipulatives & Non-Symbolic Quantity Knowledge): On the 
fourth session of instruction with virtual manipulatives and non-symbolic quantity 
knowledge, the researcher: 
• Asked the participants about their favorite type of candy.  
• Displayed varied amounts of candy adhered to two cardstock sheets and asked the 
participants to hypothesize which has the larger quantity.  
• Modeled quantity comparison with three additional examples. 
• Provided the participants with tablets for virtual unifix cubes and ask them to 
compare quantities.  
Instruction: Day 3      
Day 3: Session 5: (Physical Manipulatives & Pattern Skills): On the fifth session 
of instruction with physical manipulatives and pattern skills, the researcher: 
• Displayed an AB pattern to the participants.  
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• Reviewed the definition of a pattern and asked the participants to identify the type 
of pattern shown.  
• Displayed other pattern types and asked the participants to compare the patterns.  
• Discussed and modeled how to construct other types of patterns. 
• Administered tangram puzzle shapes to participants and asked them to replicate 
and identify different patterns. 
Session 6: (Physical Manipulatives & Non-Symbolic Quantity Knowledge): On the 
sixth session of instruction with physical manipulatives and non-symbolic quantity 
knowledge, the researcher: 
• Asked the participants to compare the quantities of the objects shown on the 
pictures. 
• Asked the participants to identify the larger quantities in objects with dissimilar 
sizes.  
• Modeled examples of comparing and identifying larger quantities with varied 
sized objects. 
• Administered the physical manipulatives to the participants.  
• Instructed the participants to identify the higher quantity. 
• Provided feedback on the accuracy of answers and explanations to the 
participants. 
Session 7: (Virtual Manipulatives & Patterning Skills): On the seventh session of 
instruction with virtual manipulatives and pattern skills, the researcher:  
• Displayed an AB pattern to the participants.  
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• Reviewed the definition of a pattern and asked the participants about the type of 
pattern.  
• Displayed other pattern types and asked the participants to compare the patterns.  
• Discussed and modeled how to construct other types of patterns. 
• Administered tablets to access virtual tangram puzzle shapes. 
• Instructed the participants to replicate and identify different patterns. 
Session 8: (Virtual Manipulatives & Non-Symbolic Quantity Knowledge): On the 
eighth session of instruction with virtual manipulatives and non-symbolic quantity 
knowledge, the researcher: 
• Asked the participants to compare the quantities of the objects shown on the 
pictures. 
• Asked the participants to identify the larger quantities in objects with dissimilar 
sizes.  
• Modeled examples of comparing and identifying larger quantities with varied 
sized objects. 
• Administered tablets to access virtual tangram pieces. 
• Instructed the participants to identify the higher quantity. 
• Provided feedback on accuracy of answers and explanations to the participants. 
Instruction: Day 4      
Session 9: (Physical Manipulatives & Pattern Skills): On the ninth session of 
instruction with physical manipulatives and pattern skills, the researcher: 
• Placed the participants in a line based on gender to form an AB pattern. 
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• Asked the participants to identify and explain the type of pattern made by the 
participants’ line. 
• Asked the participants to identify and justify who will be next in the line. 
• Modeled pattern identification and extension for the participants. 
• Administered tangram puzzle shapes to the participants. 
• Instructed the participants to extend the pattern and justify the answer. 
Session 10: (Physical Manipulatives & Non-Symbolic Quantity Knowledge): On 
the tenth session of instruction with physical manipulatives and non-symbolic quantity 
knowledge, the researcher: 
• Displayed objects with varying quantities and sizes on each side.  
• Asked the participants to identify the higher quantity. 
• Modeled how to identify higher non-symbolic quantities.   
• Administered tangram shapes of different sizes.  
• Instructed the participants to identify and explain which section has a higher 
quantity.  
• Provided feedback to participants’ answers and explanations.  
Session 11: (Virtual Manipulatives & Patterning Skills): On the eleventh session 
of instruction with virtual manipulatives and pattern skills, the researcher: 
• Placed the participants in a line based on gender to form an AB pattern. 
• Asked the participants to identify and explain the type of pattern made by the 
participants’ line. 
• Asked the participants to identify and justify who will be next in the line. 
• Modeled pattern identification and extension for the participants. 
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• Administered tablets to the participants to access virtual tangram puzzle shapes.  
• Instructed the participants to extend the pattern and justify the answer. 
Session 12: (Virtual Manipulatives & Non-Symbolic Quantity Knowledge): On the 
twelfth session of instruction with virtual manipulatives and non-symbolic quantity 
knowledge, the researcher: 
• Displayed objects with varying quantities and sizes on each side.  
• Asked the participants to identify the higher quantity. 
• Modeled how to identify higher non-symbolic quantities.   
• Administered tablets to access virtual tangram shapes of different sizes.  
• Instructed the participants to identify and explain which section has a higher 
quantity.  
• Provided feedback to participants’ answers and explanations.  
Instruction: Day 5 
Session 13: (Physical Manipulatives & Pattern Skills): On the thirteenth session 
of instruction with physical manipulatives and pattern skills, the researcher: 
• Displayed and asked the participants to identify the patterns in the two pictures.  
• Discussed how patterns could have the same classification with different 
elements. 
• Modeled how to identify patterns and perform pattern abstraction.  
• Administered tangram puzzle shapes. 
• Instructed students to identify the pattern in the picture and create pattern through 
pattern abstraction. 
• Provided feedback to participants’ answers and explanations.  
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Session 14: (Virtual Manipulatives & Patterning Skills): On the fourteenth session of 
instruction with virtual manipulatives and pattern skills, the researcher: 
• Displayed and asked the participants to identify the patterns in the two pictures.  
• Discussed how patterns could have the same classification with different 
elements. 
• Modeled how to identify patterns and perform pattern abstraction.  
• Administered tablets to access virtual tangram puzzle shapes. 
• Instructed students to identify a pattern in the picture and create a pattern through 
pattern abstraction. 
• Provided feedback to participants’ answers and explanations.  
Instruction: Day 6:  
Session 15:(Physical Manipulatives & Pattern Skills): On the fifteenth session of 
instruction with physical manipulatives and pattern skills, the researcher: 
• Created an AB pattern.  
• Asked the participants about the smallest unit of the pattern.  
• Modeled how to identify the smallest units in the pattern. 
• Administered unifix cubes that are connected as unifix towers.  
• Instructed the participants to pull the smallest pattern unit from the unifix tower.  
• Provide feedback to participants’ answers and explanations.  
Session 16:(Virtual Manipulatives & Patterning Skills): On the sixteenth session of 
instruction with virtual manipulatives and pattern skills, the researcher: 
• Created an AB pattern.  
• Asked the participants about the smallest unit of the pattern.  
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• Modeled how to identify the smallest units in the pattern. 
• Administered tablets to access virtual unifix cubes that are connected as unifix 
towers.  
• Instructed the participants to pull the smallest pattern unit from the unifix tower.  
• Provided feedback to participants’ answers and explanations.  
Instruction: Day 7 
Post Assessments: The post-assessments were identical to the pre-assessments. The 
initial post-assessment, Repeat Pattern Assessment, included 10 pattern tasks using 
tangram puzzle shapes and unifix cubes (Rittle-Johnson et al., 2013). The final section of 
the post-assessment, Panamath, involved an eight-minute computerized numerical 
discriminate assessment to focus on mastery of non-symbolic quantity knowledge 
(Halberda & Feigenson, 2008; Halberda & Mazzocco & Feigenson, 2008).  
Data Collection 
 
The researcher administered the Repeated-Pattern Assessment and the Panamath 
assessment after the instructional sessions to evaluate the effectiveness of the physical 
and virtual manipulative implementation. The researcher used identical methods of 
administration and data collection for the pre and post-assessments. The researcher 
collected data through two modes: written and electronically. During the first section of 
the assessment, Repeated-Pattern Assessment, the researcher instructed the participants to 
complete a series of ten tasks with tangram puzzle shapes, unifix cubes, and three-
dimensional foam cubes. The tasks’ rigor increased as the participants proceeded through 
the pattern assessment. The researcher documented the responses on the Repeated-Pattern 
Assessment rubric and inputted the data into the Statistical Package for the Social 
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Sciences (SPSS). In the second section of the assessment, Panamath, the researcher 
instructed the participants to select the display with higher quantity in each randomized 
trial. The researcher downloaded and documented the results and inputted the data into 
the Statistical Package for the Social Sciences (SPSS). The results displayed the number 
of correct responses based on the level of difficulty, estimated Weber’s Fraction, and a 
graph displaying the comparison between the participants’ score and the average score of 
individuals in that same age range.  
Data Analysis 
 
     After the data collection from the Repeated-Pattern Assessment and Panamath, the 
sample data was disaggregated based on the manipulatives utilized in the instructional 
sessions: physical manipulatives, virtual manipulatives, or no manipulatives. Descriptive 
statistics and a 2-way mixed ANOVA were performed to analyze the data and address if 
the type of manipulative used resulted in a statistically significant difference in the 








          The purpose of this study was to determine if there was a significant difference in 
preschool student academic achievement based on manipulative types to learn non-
symbolic quantity knowledge. The study also examined the difference in preschool 
student academic achievement based on manipulative types to learn patterning skills. 
Chapter four presented the data analysis results from the Repeated Pattern and Panamath 
Assessments and a summary of the data collection results. Quantitative data were 
collected from the pre and post-assessments and entered in the Statistical Package for 
Social Sciences (SPSS) for descriptive statistics and mixed analysis of variance testing. 
Descriptive Statistics 
 
The descriptive statistics for the study was presented in this section. Table 1 displays 
the frequencies and percentages for the participant’s age, location, race, and gender.  
Four-year-old students represented the largest age group of students in the study (83.5%). 
The majority of the participants attended preschools in Lee County (47.3%). The smallest 
geographic location represented in the study was Rankin County with 2.2%. The largest 
racial group that participated in the study was African American students (52.7%). 
African American and Caucasian students had close participation percentages in the 
study. Students of mixed or other races had the lowest participation in the study (3.3%). 
The sex of the students was distributed fairly evening in the sample population. The 
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     Copiah 
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     Madison 
 
Race 
     African American 
     Caucasian 
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     Male 











































Repeated Pattern Assessment 
 
The Repeated Pattern Assessment is a ten-task assessment. The participant 
received a score of either 0 or 1 for each task based on the participant’s accuracy when 
completing the task, except for task 8. The assessment’s creator recommended that the 
memory task not be included in the scoring of the Repeated Pattern Assessment (Rittle-
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Johnson et al., 2013). The final score for each participant was between 0-9. Table 2 
indicated the mean scores of the Repeated Pattern pre-assessment for the virtual, 
physical, and control groups were 2.8, 2.987, and 2.387, respectively.  For the Repeated 
Pattern pre-assessment, the intervention and control groups’ total mean score was 2.714, 
with a standard deviation of 1.978. The total mean score and standard deviation of the 
post-assessment were 5.418 and 2.7, respectively. The pre-assessment mean score for the 
participants assigned to the physical manipulative intervention group was higher than the 
virtual or control group (M=2.967). Virtual and physical manipulative intervention 
groups and the control group showed an increase in the pattern post-assessment mean 
scores with 6.5, 7.133, 2.71, respectively. Participants in the physical manipulative group 
gave more correct responses (M= 7.133, SD=1.502) than for the virtual manipulative 
(M=6.5, SD=2.047)  or control group (M=2.71, SD=1.987). The largest increase between 
the pre and post-assessment mean scores was the physical manipulative group. The 
control group had the smallest difference in the pre- and post-assessment mean scores.  
 
Table 2 Participants’ Pre- and Post-Patterning Assessment Mean & Standard Deviation 
 
Variable Mean Standard Deviation N 
 
Pre-Assessment 
   
     Virtual Manipulative 2.8 1.936 30 
     Physical Manipulative 2.967 1.938 30 
     Control 2.387 1.978 31 
     Total 2.714 1.978 91 






Table 3 Participants’ Pre- and Post-Patterning Assessment Mean & Standard Deviation, 
continued 
 
Variable Mean Standard Deviation N 
 
Post-Assessment 
   
     Virtual Manipulative 6.5 2.047 30 
     Physical Manipulative 7.133 1.502 30 
     Control 2.71 1.987 31 





The Panamath Assessment is a computerized assessment that measures non-
symbolic quantity knowledge by calculating a Weber Fraction and the percentage of 
correct responses (Halberda & Feigenson, 2008). Table 3 indicated the mean scores of 
the Panamath pre-assessment for the virtual, physical, and control groups were 66.124, 
63.495, and 72.37, respectively.  The total pre-assessment mean for the intervention 
groups and the control group was 67.385, with a standard deviation of 13.511. The pre-
assessment mean score for the control group was higher than for the virtual or physical 
group (M=72.37). Virtual and physical manipulative intervention groups and control 
groups showed an increase in the Panamath post-assessment mean scores with 78.19, 
76.992, 76.094, respectively. The largest increase between the pre-and post-assessment 
mean scores was the physical manipulative group. The control group had the smallest 




Table 4 Participants’ Pre- and Post-Panamath Assessment Mean & Standard Deviation 
 
Variable Mean Standard Deviation N 
 
Pre-Assessment 
     Virtual Manipulative 
     Physical Manipulative 
      Control  




     Virtual Manipulative 
     Physical Manipulative 
     Control 









































Statistical Analysis  
 
Hypothesis 1 
A mixed ANOVA was performed to determine if there was a significant 
difference in preschool student academic achievement in patterning skills when using 
virtual manipulatives. The Repeated Pattern mean score for the virtual group increased 
from 2.8 to 6.8. The assumption of sphericity was met. Levene’s Test of Equality of Error 
Variances was not significant for the pre-assessment (p =.972) or post-assessment (p 
=.145). The assumption of the equality of error variance between the pattern pre-
assessment and post-assessment was met. There was a significant main effect on the 
Repeated Pattern scores overall (F(1,88)=219.943, p < .001, ηp 2 =.714) with the post-
assessment scores being higher than the pre-assessment scores. There was a significant 
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interaction between the Repeated Pattern scores and the manipulative type (F (2,88) = 
43.758, p < .001, ηp 2 =.499).  
There was a significant main effect of the manipulative type in the scores overall 
(F (2,88) = 19.292, p < .001, ηp 2 =.305). Simple effects analysis was performed. 
According to the ANOVA test, there was a significant difference in mean in the pattern 
pre-assessment scores (p < .001). Table 6 displayed the significant difference between 
the pattern pre- and post-assessment mean scores. The manipulative type did not make a 
significant difference in the pattern pre-assessment score (p = .492). There was a 
significant difference in the pattern post-assessment scores (p < .001), and there was a 
difference in the post-assessment scores based on the manipulative type (p < .001). Table 
4 displays a significant difference in pattern pre-assessment and pre-assessment scores. 
The Post Hoc tests illustrated that there was a significant difference between the 
virtual manipulative group and control group (p < .001), but there was not a significant 
difference between the virtual and physical manipulatives on pattern scores (p =.588). 
Table 6 displayed that the lines were not parallel, and there was an interaction between 
the Repeated Pattern scores and the manipulative type. The manipulative type had an 
effect on the pattern achievement score. Tables 5 and 6 concurred with the Post Hoc test 
findings that there was not a significant difference in the virtual pattern post-assessment 
scores and the physical post-assessment scores. This resulted in the researcher not 
supporting the hypothesis of a difference in preschool academic achievement when using 




Figure 1. Participants’ Repeated Pattern Assessment Estimated Marginal Means  
 
 




























































Hypothesis 2 stated, “There is a difference in preschool academic achievement 
when using physical manipulatives to learn pattern skills.” There was an increase in the 
mean scores of the repeated patterns pre-assessment (M=2.967) and post-assessment 
(M=7.133) for participants who used physical manipulatives. A mixed ANOVA was 
performed to determine if there was a significant difference in preschool student 
academic achievement in patterning skills using physical manipulatives. The assumption 
of sphericity was met. Levene’s Test of Equality of Error Variances was not significant 
for the pre-assessment (p =.972) or post-assessment (p =.145). The assumption of the 
equality of error variance between the pattern pre-assessment and post-assessment was 
met. There was a significant main effect for Repeated Pattern scores overall 

































Repeated Pattern scores and the manipulative type (F (2,88) = 43.758, p < .001, ηp 2 
=.499). There was a significant main effect of the manipulative type in the scores overall 
(F (2,88) = 19.292, p < .001, ηp 2 =.305). 
 Simple effects analysis was performed. According to the ANOVA test, there was 
a significant difference in the pattern pre-assessment mean scores (p < .001). The 
manipulative type did not make a significant difference in the pattern pre-assessment 
score (p = .492). There was a significant difference in the pattern post-assessment scores 
(p < .001), and there was a difference in the post-assessment scores based on the 
manipulative type (p < .001). The Pairwise Comparison concurred with the results from 
the analysis of the simple effects. There was a significant difference between the pre-
 and post-assessment mean scores (p < .001).  
The Post Hoc test illustrated a significant difference between the physical 
manipulative group and the control group (p < .001), but there was not a significant 
difference between the physical and virtual manipulatives groups on pattern scores 
(p=.588). The Pairwise Comparison concurred with the Post Hoc tests. The Pairwise 
Comparison displayed a significant difference between the physical manipulative group 
and the control group (p < .001), but there was not a significant difference between the 
physical manipulative group and the virtual manipulative group (p = 1).  This resulted in 
the researcher not supporting the hypothesis of a difference in preschool academic 






Hypothesis 3 stated, “There is a difference in preschool student academic 
achievement when using virtual manipulatives to learn non-symbolic quantity 
knowledge.” A mixed ANOVA was performed to determine if there was a significant 
difference in preschool student academic achievement in non-symbolic quantity 
knowledge when using virtual manipulatives. The Panamath mean score for the virtual 
group increased from 66.124 to 78.19. The assumption of sphericity was met. Levene’s 
Test of Equality of Error Variances was not significant for the pre-assessment (p =.22) or 
post-assessment (p =.255). The assumption of the equality of error variance between the 
Panamath pre-assessment and post-assessment was met. 
There was a significant main effect on Panamath scores overall (F (1,88)=89.004, 
p < .001, ηp 2 =.503). There was a significant interaction between the Panamath scores 
and the manipulative type (F (2,88) = 8.765, p < .001, ηp 2 =.166). There was no 
significant main effect of the manipulative type in the scores overall (F (2,88) = .908, p = 
.407, ηp 2 =.020). Simple effects analysis was performed.  
According to the ANOVA test, there was a significant difference in the mean in 
the Panamath pre-assessment scores (p < .001). There was a significant difference based 
on participants’ assignment to a manipulative group and the Panamath pre-assessment 
score (p = .029). Tables 7 and 9 displayed a significant difference between the Panamath 
pre-assessment mean scores and a significant difference between the Panamath pre-
assessment scores based on the manipulative type. There was a significant difference in 
the Panamath post-assessment scores (p < .001), but there was not a significant 
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difference in the post-assessment scores based on the manipulative type (p = .792). Table 
8 displayed there was a significant difference in Panamath pre-assessment and pre-
assessment scores. The Pairwise Comparison confirmed the results from the Post Hoc 
Test. The Pairwise Comparison between the Panamath pre-assessment and post-
assessment was significant (p < .001). 
The Post Hoc tests illustrated no significant difference between virtual 
manipulative and control groups (p = .764). There was no significant difference between 
the virtual and physical manipulatives on Panamath scores (p=.798). The manipulative 
type did not affect the Panamath achievement score. Table 9 concurred with the Post Hoc 
test findings that there was not a significant difference in the virtual Panamath post-
assessment scores and the physical post-assessment scores. The Pairwise Comparison 
concurred with the results in the Post Hoc Test. There was not a significant difference in 
the comparison of the Panamath scores between the virtual and control group (p = 1) or 
between the virtual and manipulative groups (p = 1). This resulted in the researcher not 
supporting the hypothesis of a difference in preschool academic achievement when using 









Figure 4. Participants’ Panamath Assessment Estimated Marginal Means  
 
 
































































Hypothesis 4 stated, “There is a difference in preschool student academic 
achievement when using physical manipulatives to learn non-symbolic quantity 
knowledge.” A mixed ANOVA was performed to determine if there was a significant 
difference in preschool student academic achievement in non-symbolic quantity 
knowledge when using physical manipulatives. The Panamath mean score for the 
physical group increased from 63.495 to 76.992. The assumption of sphericity was met. 
Levene’s Test of Equality of Error Variances was not significant for the pre-assessment 
(p =.22) or post-assessment (p =.255). The assumption of the equality of error variance 
between the Panamath pre-assessment and post-assessment was met. 
There was a significant main effect on the Panamath scores (F (1,88)=89.004,  p  



































the manipulative type (F (2,88)=8.765, p < .001, ηp 2 =.166). There was no significant 
main effect of the manipulative type in the scores overall (F (2,88) = .908, p = .407, ηp 2 
=.02). Simple effects analysis was performed.  
According to the ANOVA test, there was a significant difference in the mean for 
the Panamath pre-assessment scores (p < .001). There was a significant difference based 
on participants’ assignment to a manipulative group and the Panamath pre-assessment 
score (p = .029). Tables 7 and 9 displayed a significant difference between the Panamath 
pre-assessment mean scores and a significant difference between the Panamath pre-
assessment scores based on the manipulative type. There was a significant difference in 
the Panamath post-assessment scores (p <  .001), but there was not a significant 
difference in the post-assessment scores based on the manipulative type (p = .792). The 
Pairwise Comparison confirmed the results from the Post Hoc Test. The Pairwise 
Comparison between the Panamath pre-assessment and post-assessment was significant 
(p <  .001). 
The Post Hoc tests illustrated no significant difference between the physical 
manipulative and control groups (p = .373). There was no significant difference between 
the physical and virtual manipulatives on Panamath scores (p=.798). The manipulative 
type did not affect the Panamath achievement score. Table 9 concurred with the Post Hoc 
test findings that there was not a significant difference in the Panamath physical, virtual, 
or control post-assessment scores. The Pairwise Comparison concurred with the results in 
the Post Hoc Test. There was not a significant difference in the comparison of the 
Panamath scores between the physical and control group (p = .545) or between the 
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physical and virtual manipulative groups (p = 1). This resulted in the researcher not 
supporting the hypothesis of a difference in preschool academic achievement when using 
physical manipulatives to learn non-symbolic quantity knowledge. 
Summary 
 
The purpose of the study was to determine if there was a significant difference in 
preschool student academic achievement based on manipulative types to learn patterning 
skills and non-symbolic quantity knowledge. Descriptive statistics and a mixed analysis 
of variance were used to test the hypotheses. The results from the statistical analysis 
revealed that there was an increase in the mean scores of the virtual manipulative, 
physical manipulative, and control groups in the Repeated Pattern pre- and post-
assessments. There was also an increase in the mean scores of the virtual manipulative, 
physical manipulative, and control groups in the Panamath pre- and post-assessments. 
Although the physical manipulative group had the greatest increase in the mean scores 
for patterning skills and non-symbolic quantity knowledge, there was not a significant 
difference between the physical or virtual manipulatives groups when learning patterning 
skills or non-symbolic quantity knowledge. This resulted in the researcher not supporting 
the hypotheses of a difference in preschool academic achievement when using virtual or 








The purpose of this study was to determine if there was a significant difference in 
preschool student academic achievement based on manipulative types to learn non-
symbolic quantity knowledge. The study also examined the difference in preschool 
student academic achievement based on manipulative types to learn patterning skills. 
Chapter five discussed the conclusions and limitations derived from this study. The 
chapter concluded by presenting recommendations for future research, recommendations 
for practice, and summarizing the study.  
Analysis of Research Questions 
 
The hypotheses were tested by collecting quantitative data from the Repeated 
Pattern and Panamath pre- and post-assessments and selecting a mixed analysis of 
variance testing for statistical analysis. The hypotheses for the study were: 
H1: There is a difference in preschool academic achievement when using virtual 
manipulatives to learn pattern skills. 
H2: There is a difference in preschool academic achievement when using physical 
manipulatives to learn pattern skills. 
H3: There is a difference in preschool student academic achievement when using 
virtual manipulatives to learn non-symbolic quantity knowledge. 
H4: There is a difference in preschool student academic achievement when using 




For H1, the statistical analysis concluded that there was an increase in the 
participants’ scores when they used virtual manipulatives to learn patterning skills. There 
was an increase in academic achievement in all levels of patterning skills on the Repeated 
Pattern assessment. Task one assessed pattern duplication. Many of the participants from 
the virtual manipulative, physical manipulative, and control groups were able to show 
mastery of the first pre-assessment task (79.12%). Pattern extension was assessed with 
the second and third tasks. The fourth through the seventh tasks addressed pattern 
abstraction. Mastery of pattern unit recognition was assessed by tasks nine and ten of the 
Repeated Pattern assessment. The assessment was designed to evaluate more rigorous 
standards as participants complete the assessment (Rittle-Johnson, 2013). Consequently, 
the number of correct responses decreased as the participants progressed through the 
assessment (Rittle-Johnson, 2013). 
There was an increase in the percentage of correct responses from the pattern 
duplication pre-assessment task (74.2%) to the pattern duplication post-assessment task 
(96.8%). The percentage of correct responses from the pattern extension tasks increased 
from 35.5% to 82.3% from the pre-and post-assessment. There was an increase in the 
percentage of correct responses from the pattern abstraction pre-assessment tasks (25.8%) 
to the post-assessment assessment tasks (70.2%). The percentage of correct responses for 
the pattern unit recognition tasks increased from 16.1% to 56.5%.  Despite a significant 
increase from the Repeated Pattern pre-and post-assessments, there was no significant 
difference when comparing the virtual to the physical manipulative and the participants’ 
mean pattern scores.  
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H2, like the first hypothesis, indicated there was no significant difference when 
comparing physical to virtual manipulatives and the participants’ mean pattern scores. 
The mixed ANOVA results indicated an increase in the participants’ mean scores with 
the implementation of physical manipulatives. The virtual and physical manipulative 
groups had an increase in the mean score from the pre- and post-assessment by 3.7 and 
4.166 points respectively. The control group only showed growth of 0.323 points in the 
mean from the Repeated Pattern pre-and post-assessment. The physical manipulatives 
displayed the largest increase in the pre-assessment and post-assessment mean scores. 
Task one of the Repeated Pattern pre- and post-assessment showed an increase of correct 
responses from 68% to 100%. The percentage of correct responses from the pattern 
extension tasks increased from 41.4% to 67.9% from the pre-and post-assessment. There 
was an increase in the percentage of correct responses from the pattern abstraction pre-
assessment tasks (30.2%) to the post-assessment assessment tasks (81.3%). The 
percentage of correct responses for the pattern unit recognition task increased from 
12.1% to 73.2%. The assessment is designed to show increased rigor as the test progress, 
but more participants displayed mastery in pattern abstraction tasks compared to pattern 
extension tasks, even though the participants were exposed to the same instruction. 
For H3 the statistical analysis concluded an increase in the participants’ scores 
when they used virtual manipulatives to learn non-symbolic quantity knowledge. Despite 
the increase from the Panamath pre-assessment and post-assessment mean score, there 
was no significant difference when comparing the virtual to the physical manipulative 
and the participants’ mean Panamath scores. There was also not a significant difference 
between the virtual manipulative or control groups mean scores. H4, like the third 
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hypothesis, displayed there was no significant difference when comparing physical 
manipulatives and the virtual groups Panamath mean scores or the physical manipulative 
and the control groups Panamath mean scores. The findings support the research of 
Halberda & Feidgenson (2008) and Wang (2016). Non-symbolic quantity knowledge is 
developed more as the student progresses in age. Because the students were assessed and 
instructed in no more than a two-week period, there was no significant growth time based 
on the participants’ age.  
Despite the statistical analysis displaying no significant difference in the groups, 
the mixed ANOVA results indicated an increase in the participants’ score when 
participants were assigned to the physical manipulative group.  The virtual and physical 
manipulative groups had an increase in the mean score from the pre- and post-assessment 
by 12.066 and 13.497 points respectively. The control group only showed growth of 
3.724 points in the mean from the Panamath pre-and post-assessment. The control group 
in Panamath had the least amount of growth. The use of manipulatives and instruction 
may improve participants’ non-symbolic quantity knowledge. 
Two of the challenges associated with the Panamath assessment are the time 
allotment and the discrimination and comparison of quantities regardless of size. Eight 
minutes of randomized trials associated with non-symbolic quantity knowledge were 
displayed in Panamath for each participant. The researcher used eight minutes because of 
the time noted in prior studies with the Panamath (Halberda & Feidgenson, 2008) 
(Halberda, Mazzocco, & Feigenson, 2008). Because of the attention span and pauses of 
the participants, the test took the participants between 13-15 minutes to complete. The 
instruction addressed participants’ ability to compare smaller and larger quantities that 
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are the same size and different sizes. Some of the participants had difficulties 
discriminating between quantities of different sizes and larger quantities that were close 
in numeric value. This was illustrated in the mean scores of the Weber fractions from the 
Panamath pre-assessment (M=1.374) and post-assessment (M=0.927). 
Limitations 
 
The study only included preschools in the state of Mississippi. Researchers may 
conduct this study with preschools in other states. Despite the study, including 
participants from diverse geographic locations within Mississippi, the researcher may 
want to include more participants from other Mississippi areas other than Northeast and 
Central Mississippi. 
Because the study was conducted during a pandemic, Mississippi, like many 
states, placed precautionary measures and mandates that restricted interaction between 
students and visitors.  This also decreased the number of preschools and participants 
included in the study. Even though parents signed the parental consent forms and 
participants consented, some of the participants could not participate in the study because 
of their exposure or acquisition of COVID-19. Despite the limited interaction between 
students to prevent the spread of COVID-19, the results could have been affected by the 
social interactions between the participants in different groups during the study. 
The same students were tested for the pre-assessment and post-assessment of the 
Repeated Pattern Assessment and Panamath. Panamath displayed a significant difference 
in the groups’ pre-assessment scores. The control group was higher than the intervention 
groups. When the control group was removed, the pre-assessment scores were no longer 
significantly different and presented the same results.  
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Recommendations for Practice 
 
The instruction with manipulatives aided in students learning more abstract 
conceptions with patterning skills. These findings support the research of Moyer-
Packenham (2012), Rittle- Johnson (2013), and Pasnak (2017). Virtual and physical 
manipulatives could have a positive effect on learning different math skills, including 
patterning skills and non-symbolic quantity knowledge.  
One recommendation for practice is to expose students to higher-level concepts in 
patterning skills and non-symbolic quantity knowledge. The results from the statistical 
analysis indicated that students have the capability to understanding higher-level concepts 
in patterning skills and non-symbolic quantity knowledge. Other than the lack of teacher 
self-efficacy and pedagogical content knowledge, teacher expectation could be another 
factor that affects teachers’ likelihood to expose students to rigorous content in 
mathematics. Teachers are less likely to expose students to more concepts with more 
rigor if they have lower expectations of the students (Rubie-Davies, C. M., 2007) 
The second recommendation for practice is to incorporate manipulatives at all 
levels of pattering skills to provide students the opportunity to practice the concept. This 
will also allow teachers to address misconceptions and provide timely feedback to 
students. Because the statistical analysis displayed that many students understood the 
lower-level concepts in patterning skills and non-symbolic quantity knowledge before 




The final recommendation is to use abstract vocabulary to describe the elements 
and patterns while using manipulatives and during instruction. This will aid in the 
students’ understanding of higher-level concepts in patterning skills.  
 
Recommendations for Future Research 
 
One recommendation for future research is to expand the intervention groups to 
include students who receive instruction with virtual and physical manipulatives when 
learning pattering skills and non-symbolic quantity knowledge.  
Ninety-eight percent of the participants in the study were general education 
students. The special education students included in the study showed a moderate 
increase in Repeated Pattern and Panamath scores. Future researchers may include more 
participants in exceptional education. After discussions with directors of the preschools 
and teachers, many of them enjoyed the lessons and resources from the study and desired 
that all the participants receive instruction. Future researchers may conduct the study with 
the control group receiving instruction without manipulatives. 
The researchers and other studies with Panamath have used 8 minutes as the 
allotted time for the computerized trials with non-symbolic quantity knowledge. 
Developmentally, many preschool students may not have the stamina to complete the 
assessment accurately for 8 minutes. When the participants were timed, many of the 
students took 15 minutes to complete the assessment. This was due to participants 
pausing and the researcher informing the students of their ability to stop the assessment.  
The final recommendation is to increase and diversify the sample size by 
including preschools and other states’ participants. Some school districts are creating 
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preschool classrooms within their elementary schools. Researchers can also diversity the 




This study examined if there was a significant difference in preschool student 
academic achievement based on manipulative types to learn patterning skills. The study 
also examined the difference in preschool student academic achievement based on 
manipulative types to learn non-symbolic quantity knowledge. The research design was 
quasi-experimental and quantitative. The study included two intervention groups, 
participants using physical manipulatives and virtual manipulatives, and one non-
intervention group.  Non-symbolic quantity knowledge and patterning skills are the 
dependent variables for this study. Descriptive statistics and a Mixed ANOVA were used 
for data analysis. The results indicated that the participants’ mean score increased when 
manipulatives were implemented, but that there was no significant difference between 
using virtual and physical manipulatives when learning patterning skills or non-symbolic 
quantity knowledge.  The study addressed a gap in the literature by assessing preschool 
students’ knowledge of mathematical skills when using manipulatives and provided a 
reference for educational leaders and educators when making decisions for professional 





APPENDIX A – Instructional Description  
 
Day 1:(Pre-Assessment) The researcher was introduced to the participants by the 
preschool teacher. The researcher explained to the participants about the assessment 
process. The participants were tested in a quiet room where the first section of the pre-
assessments will be administered. The researcher explained the instructions for the 
Panamath assessment and their ability to discontinue the assessment at any time. The 
researcher also explained to the participants that they will complete a series of 10 tasks. 
The initial pattern tasks evaluated participants’ ability to replicate an AABB pattern, 
extend an ABB pattern, and extend an AABB pattern with tangram puzzle shapes. The 
consecutive tasks assessed the participants’ ability to create an AABB pattern, abstract an 
ABB pattern, and abstract an AABB pattern from the tangram puzzle shape pattern. The 
final tasks involved participants’ creation of an AAB pattern with three-dimension 
colored cubes based on a pattern created with tangram pieces, replication of ABB pattern 
using tangram puzzle shapes, and identification of the smallest AAB pattern units and 
represent the smallest units with tangram puzzle shapes and unifix cubes (Rittle-Johnson 
et al, 2013).   
Day 2: Session 1: (Physical Manipulatives & Pattern Skills) The objective of this 
session was for the participant to be able to identify and duplicate patterns. The 
researcher displayed pictures of patterns to the participants. The researcher named the 
physical attributes of the element of the pattern and asked the participants about what was 
occurring with the elements. After the two pictures were displayed and the researcher 
guided their explanations, the researcher explained to the participants that what they saw 
was a pattern. The researcher discussed the definition and types of patterns. The 
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participants that were selected to participate with the physical manipulatives used 
tangram shapes to represent AB patterns. 
Session 2: (Physical Manipulatives & Non-Symbolic Quantity Knowledge): The 
objective of this session was for the participants to compare non-symbolic quantities 
without counting. The researcher asked the participants about their favorite type of candy. 
After the researcher listened to the participants’ responses, the researcher displayed 
varied amounts of candy adhered to two cardstock sheets to the participants. The 
researcher asked the participants to hypothesize about the jar with the most candy without 
counting. The researcher asked the participants to justify their responses. The researcher 
exhibited three more pictures to compare with the class. The participants counted the 
objects in the picture. The participants were asked to place unifix cubes on a designated 
area and asked which quantities have more unifix cubes.  
Session 3: Session 1 (Virtual Manipulatives & Pattern Skills) The objective of this 
session was for the participants to be able to identify and duplicate patterns. The 
researcher displayed pictures of patterns to the participants. The researcher named the 
physical attributes of the element of the pattern and asked the participants about what is 
occurring with the elements. After the two pictures were displayed and the researcher 
guided their explanations, the researcher explained to the participants about pattern. The 
researcher discussed the definition and types of patterns. The participants that were 
selected to participate with virtual manipulative used a tablet. The participants used 
virtual tangram shapes to represent AB patterns. The site that was used for the virtual 
manipulatives is www.didax.com. 
 
78 
     Session 4: (Virtual Manipulatives & Pattern Skills): The objective of this session was 
for the participants to compare non-symbolic quantities without counting. The researcher 
asked the participants about their favorite type of candy. After the researcher listened to 
the participants’ responses, the researcher displayed varied amounts of candy adhered to 
two cardstock sheets. The researcher asked the participants to hypothesize about the jar 
with the most candy without counting. The researcher asked the participants to justify 
their responses. The researcher exhibited three more pictures to compare with the class. 
The participants counted the objects in the picture. The participants were asked to use the 
virtual manipulatives from tablets. The researcher asked the class which quantities have 
more unifix cubes. The unifix cubes from www.didax.com will be used for the virtual 
manipulatives. 
     Day 3: Session 5: (Physical Manipulatives & Pattern Skills): The objective of this 
session was for the participants to duplicate AABB, ABC, and ABBA patterns. The 
researcher displayed an AB pattern to the participants. The researcher reminded the 
participants about the definition of a pattern and asked the participants what type of 
pattern is shown. The researcher exhibited another type of pattern (AABB) and asked the 
participants if it was a pattern. After the participants gave the researcher an answer, the 
researcher informed the participants of the correct answer. The researcher asked the 
participants about the pattern difference and the proposed name of the pattern. The 
researcher explained other types of patterns (AABB, ABC, and ABBA). The researcher 
distributed manipulatives and showed the participants different patterns made with 
tangram puzzle shapes. The researcher instructed the participants to identify the types of 
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patterns that were displayed and duplicate the patterns with tangram puzzle shapes. The 
researcher confirmed the correct answers and explained why each answer was correct. 
     Session 6: (Physical Manipulatives & Non-Symbolic Quantity Knowledge): The 
objective of this session was for the participants to distinguish between non-symbolic 
quantities despite the differences in non-symbolic quantities’ sizes. The researcher 
displayed two cardstock boards with adhered objects. The researcher allowed the 
participants to answer and explain their reasoning. Next, the researcher showed them 
another cardboard representation with dissimilar sized non-symbolic quantity circles. The 
researcher asked the participants to identify the side with the higher quantity and explain 
their reasoning. The researcher informed the participants of the correct answer and 
explained why the answer was correct. To ensure that the participants understood why the 
answer was correct, the participants were asked to count the units together.  The 
researcher showed the participants other examples of comparison of non-symbolic 
quantity knowledge with shapes of different sizes. The participants were instructed to put 
physical manipulatives on top of sheets in designated places. After the participants 
positioned the physical manipulatives on the designated area, the participants identified 
which side had the higher quantity. The researcher confirmed the correct answer with 
participants and explained why the answer was correct. 
     Session 7: (Virtual Manipulatives & Patterning Skills): The objective of this session 
was for the participants to duplicate AABB, ABC, and ABBA patterns. The researcher 
displayed an AB pattern to the participants. The researcher reminded the participants 
about the definition of a pattern and asked the participants what type of pattern was 
shown. The researcher exhibited another type of pattern (AABB) and ask the participants 
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if it was a pattern. After the participants gave the researcher an answer, the researcher 
informed the participants of the correct answer. The researcher asked the participants 
about the pattern difference and the proposed name of the pattern. The researcher 
explained other types of patterns (AABB, ABC, and ABBA). The researcher distributed 
tablets and showed the participants different patterns made with virtual tangram puzzle 
shapes from www.didax.com. The researcher instructed the participants to identify the 
types of patterns that were displayed and duplicate the patterns with virtual tangram 
puzzle shapes. The researcher confirmed the correct answers and explain why each 
answer was correct. 
     Session 8: (Virtual Manipulatives & Non-Symbolic Quantity Knowledge): The 
objective of this session was for the participant to distinguish between non-symbolic 
quantities despite the differences in non-symbolic quantities’ sizes. The researcher 
displayed two cardstock boards with adhered objects. The researcher allowed the 
participants to answer and explain their reasoning. Next, the researcher showed them 
another cardboard representation with dissimilar sized non-symbolic quantity circles. The 
researcher asked the participants to identify the side with the higher quantity and explain 
their reasoning. The researcher informed the participants of the correct answer and 
explained why the answer was correct. To ensure that the participants understood why the 
answer was correct, the participants were asked to count the units together.  The 
researcher exhibits other examples of comparison of non-symbolic quantity knowledge 
with shapes of different sizes. The participants were instructed to put virtual 
manipulatives tangram puzzle pieces in place based on the designated sheet. After the 
participants positioned the virtual tangram puzzle manipulatives on the designated area, 
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the participants identified which side has the higher quantity. The researcher confirmed 
the correct answer with the participants and explain why the answer was correct. 
     Day 4: Session 9: (Physical Manipulatives & Pattern Skills): The objective of this 
session was for the participant to extend patterns. The researcher made a pattern with 
participants in a line (AB) based on their gender. The researcher asked the participants 
about the type of pattern that was displayed with the participants in line. The researcher 
asked the participants who should be the next participant in line. After the participants 
responded, the researcher confirmed the correct answer. The researcher displayed three 
visual representations of patterns and asked the participants to extend the patterns. The 
researcher gave the participants tangram puzzle shapes and showed two different 
patterns. The participants extended the pattern with the tangram puzzle shapes, and the 
researcher confirmed the correct answers.    
     Session 10: (Physical Manipulatives & Non-Symbolic Quantity Knowledge): The 
objective of this session was for the participants to distinguish between non-symbolic 
quantities despite the differences in non-symbolic quantities’ sizes with increased 
fluency. Because the skill could take more time for participants to grasp the concept, the 
same objective was used for another session. The researcher displayed different color 
objects with varying quantities on each side. The researcher asked the participants to 
identify the higher quantity. The researcher exhibited various quantities with physical 
manipulatives. The participants identified which pictures had a higher quantity. The 
researcher confirmed the correct answer. 
     Session 11: (Virtual Manipulatives & Patterning Skills): The objective of this session 
was for the participant to extend patterns. The researcher made a pattern with participants 
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in a line (AB) based on their gender. The researcher asked the participants about the type 
of pattern that was displayed with the participants in line. The researcher asked the 
participants who should be the next participant in line. After the participants responded, 
the researcher confirmed the correct answer. The researcher displayed three visual 
representations of patterns and asked the participants to extend the patterns. The 
researcher gave the participants tablets with virtual tangram puzzle shapes from 
www.didax.com and showed two different patterns. The participants extended the pattern 
with virtual tangram puzzle shapes, and the researcher confirmed the correct answers.    
     Session 12: (Virtual Manipulatives & Non-Symbolic Quantity Knowledge): The 
objective of this session was for the participants to distinguish between non-symbolic 
quantities despite the differences in non-symbolic quantities’ sizes with increased 
fluency. The researcher displayed different color objects with varying quantities on each 
side. The researcher asked the participants to identify the higher quantity. The researcher 
exhibited various quantities with virtual manipulatives to the participants. The 
participants identified which set of virtual manipulatives had a higher quantity. The 
researcher confirmed the correct answer. 
     Day 5: Session 13: (Physical Manipulatives & Pattern Skills): The objective of the 
session was for participants to identify the different types of patterns and create a similar 
pattern with different physical elements. The researcher displayed two pictorial 
representations of patterns and asked the participants to identify the two patterns (both 
AB). Once the participants identified that the patterns were the same, the researcher 
discussed how the same type of pattern could have different elements. The researcher 
displayed three pictures of patterns and modeled how to abstract patterns. The 
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participants received tangram puzzle shapes, identified the pattern, and abstracted the 
pattern. The researcher ensured that the participants knew the correct answer and 
justification. 
     Session 14: (Virtual Manipulatives & Patterning Skills): The objective of the session 
was for participants to identify the different types of patterns and create a similar pattern 
with different physical elements. The researcher displayed two pictorial representations 
of patterns and asked the participants to identify the two patterns (both AB). Once the 
participants identified that the patterns were the same, the researcher discussed how the 
same type of pattern could have different elements. The researcher displayed three 
pictures of patterns and modeled how to abstract patterns. The participants received 
tablets with virtual tangram puzzle shapes, identified the pattern, and abstracted the 
pattern. The researcher ensured that the participants knew the correct answer and 
justification. 
     Day 6: Session 15:(Physical Manipulatives & Pattern Skills): The objective of the 
session was for participants to identify the pattern types and the smallest pattern units. 
The researcher made an AB pattern with objects. The researcher asked the participants 
about the smallest part of the pattern. Once the participants answered the question, the 
researcher confirmed and justified the correct answer. The researcher modeled by 
displaying three different types of patterns and identified the smallest units in the 
patterns. The researcher distributed unifix cubes. The unifix cubes were connected to 
create towers, and the participants were asked to detach the smallest pattern unit possible. 
The participants were also asked to make the smallest unit from a tower displayed by the 
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researcher. The researcher confirmed the correct answer and justification with the 
participants.  
     Session 16:(Virtual Manipulatives & Patterning Skills): The objective of the session 
was for participants to identify the pattern types and the smallest pattern units. The 
researcher made an AB pattern with objects. The researcher asked the participants about 
the smallest part of the pattern. Once the participants responded, the researcher confirmed 
and justified the answer. The researcher modeled by displaying three different types of 
patterns and identifying the smallest units in the pattern. The researcher distributed 
tablets and used virtual unifix cubes from www.didax.com. The virtual unifix cubes were 
connected to create towers, and the participants were asked to detach the smallest pattern 
unit possible. The participants were also asked to make the smallest unit with a virtual 
unifix cube from a tower displayed by the researcher. The researcher confirmed the 
correct answer and justification with the participants. 
     Day 7: Post Assessment: The initial portion of the post-assessments will include 10 
pattern tasks using tangram puzzle shapes and unifix cubes. The final section of the post-
assessments will involve an eight-minute computerized numerical discriminate 
assessment. The post-assessments will focus on mastery of pattern skills and non-
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APPENDIX K – Pre- and Post-Assessment: Repeated Pattern 
 
Patterning Skills Assessment 
 
Task 1 (Duplication): “I made a pattern with these [blocks].” “Please make the same 
pattern here.” 
 
Scoring: 1 if child completed at least 1 full unit with no errors anywhere in the pattern. 
Can start with trapezoid or rhombus and orientation of blocks does not matter  
________________________________________________________________________ 
 
Task 2 (Extension): “I made a pattern with these [blocks].” “finish my pattern here the 




Task 3 (Extension): “I made a pattern with these [blocks].” “finish my pattern here the 




Task 4 (Abstraction): “I made a pattern with these [blocks, cubes, or towers].” use some 




Task 5 (Abstraction): “I made a pattern with these [blocks, cubes, or towers].” use some 




Task 6 (Abstraction): “I made a pattern with these [blocks, cubes, or towers].” use some 




Task 7 (Abstraction): “I made a pattern with these [blocks, cubes, or towers].” use some 




Task 8 (Memory): “I made a pattern with these [blocks, cubes, or towers].” “try to 
remember the pattern exactly like you see it, with the same number of blocks in the same 




Scoring: 1 point if child completes EXACTLY 2 full units of the pattern, as in model. 
Must be ABB pattern, but still correct if reverse the blocks (i.e., trapezoid, hexagon, 
hexagon is ok too).  
_____________________________________________________________ 
 
Task 9 (Pattern Unit Recognition): “I made a pattern with these [blocks].” The teacher 
will say the colors in order in the blocks. The researcher will ask the participant “What is 




Task 10 (Pattern Unit Recognition): “I made a pattern with these [towers].” The 
teacher will say the colors in order in the tower block. The researcher will ask the 





If the child attempts to make the pattern directly above or below your pattern, gesture 
again and remind them: Make your pattern down here.  
 
If child seems confused about what to do with extra blocks: Remember, you won’t need 
to use all the blocks.  
 
If the child stops before finishing the first unit of the pattern, say: Can you keep going? 



































































For the Panamath assessment, the researcher will sit behind the participant to 
ensure that there is no influence from the researchers’ verbal or non-verbal 
cues. The researcher will allow the participant to practice with Panamath 
trials that will not be included in the final score.  
 
The researcher will say “Let’s play a game” “Big Bird has dots and Grover 
has dots.” “Who has more circles?”  
After the child responds, the researcher will tell the participant to select the 
color that has the most dots on the keyboard. The keyboard is color-coded 
based on the color on screen.  
After the three practice trials, the student will start the Panamath assessment. 
 
The directions for the trial are the same as the assessment. After the 
participant completes the assessment, the researcher will allow the student to 
go back with their teacher.  
 
Panamath will calculate a Weber Fraction, average response time, and the 
student’s percentile based on their age. After the participant completes the 
Panamath assessment, the student data will be printed and locked in a file 
cabinet. The same procedures for the Repeated Patterns Assessment and 






Percentage Correct: ___________________________________ 
 
Response Time: ______________________________________ 
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